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POREWORD 

The study reported herein was performed by the U. S. Army Engineer 

Waterways Experiment Station (WES) for the Office, Secretary of Defense 

(OSD), Advanced Research Projects Agency (ARPA), and is a portion of one 

task of the overall Mobility Environmental Research Study (MERS) sponsored 

by OSD/ARPA for which the WES was the prime contractor and the U. S. Anny 

Materiel Command (AMC) was the service agent. The  broad mission of Project 

MERS was to determine the effects of the various features of the physical 

environment on the performance of cross-countiy ground contact vehicles and 

to provide therefrom data that can be used to improve both the design and 

employment of :uch vehicles. A condition of the project was that the data 

be interpretabK in terms of vehicle requirements for Southeast Asia. The 

funds employed for this study were allocated to WES through AMC under ARPA 

Order No. UOO. Some funds for preparation and publication of this report 

were provided by the Developnent Directorate, AM?, under Department of 

the A^ny Project 1-V.-0.25001-A-131, Military Evaluation of Geographic 

A.eas. The study was performed during the period June 1964 to November 

1965 under tilt general guidance and supervision of the MERS Branch 

of the WES, the staff element of WES responsible for the technical manage- 
ment and direction of the MERS program. 

This appendix is one of seven to the report entitled An Analytical 

Model for Predicting Cross-Countrv V,h^» P»^^^^-^ These appendixes 
are: 

A. Instrumentation of Test Vehicles 

B' ÄetatfonTnnanCe ^ ^"^ ^  Longitudlnal Obstacles 

Volume I:  Lateral Obstacles 
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Volume II: Longitudinal Obstacles 

C. Vehicle Performance in Vertical Obstacles (Surface Geometry) 

D. Performance of Amphibious Vehicles in the Water-Land Inter- 
face (Hydrologie Geometry) 

E. Quantification of the Screening Effects of Vegetation on 
Driver's Vision ind Vehicle Speed 

F. Soil-Vehicle Relations on Soft Clay Soils (Surface 
Composition) 

G. Application of Analytical Model to United States and IhailaH 
Terrains 

The study was conducted by personnel of the Area Evaluation Branch, 

Mobility and Environmental (M&E) Division, under the general supervision of 

Mr. W. J. Turnbull, Technical Assistant for Soils and Environmental Engi- 

neering; Mr. W. G. Shockley, Chief of the M8cE Division; Mr. S. J. Kni-ght, 

Assistant Chief, M&E Division; Mr. A. A. Rula, Chief, MERS Branch; 

Mr. Warren E. Grabau, Chief, Area Evaluation Branch; and Mr. Jack K. Stoll, 

Chief, Field Test Section, who was in direct charge of all phases of the 

study. Personnel of WES technical support elements provided major assis- 

tance in the field test program. Data reduction and preparation of plates 

and tables were accomplished by Messra. W. T. Willis and V. J. Piazza under 

the direction of Mr. D. D. Randolph who performed the major portion of the 

data analysis. This report was written by Messrs. C. A. Blackmon and 

Randolph. 

Directors of the WES during this study and preparation of this report 

were COL Alex G. Sutton, Jr., CE, and COL John R. Oswalt, Jr., CE. Tech- 

nical Director was Mr. J. B. Tiffany. 
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NOTATION 

Clvmp  diauneter, in. 

Stem diameter, in. 

Maximum horizontal pushbar force, lb 

Average horizontal pushbar force required to fail trees in multiple 
array, lb 

Computed average horizontal pushbar force required to fail an array of 
trees with no crown interference, lb 

Pushbar height, in. 

Constant for each pushbar height 

Unit fiber stress at the outside fiber of the section, psi 

Work required to fail a bemboo clump, Ib-ft 

Work required to fail trees in multiple array, Ib-ft 

Work required to override trees in multiple array, Ib-ft 

Work required to fail a single standing tree, Ib-ft 

Work required to override a single standing tree, Ib-ft . 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to metric 
UT.itS   aP   follrrif»; 

Multiply 

inches 

feet 

miles 

pounds 

pounds per square inch 

inch-pound 

foot-pounds 

ton 

J3L 
2.3k 

0.30U8 

I.609344 

O.U5359237 

0.070307 

0.011521 

0.138255 

907.185 

To Obtain 

centimeters 

meters 

kilometers 

kilograms 

kilograms per square 
centimeter 

meter-kilograms 

meter-kilograms 

kilograms 
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SUMMARY 

A total of 372 tests were conducted with one tracked and one wheeled 
vehicle at the NASA Marshall Space Flight Center, Miss., Eglin Ur Force 
«äse, Fla., Pran Buri. Thailand, and Khon Kaen, Ihailand. Th^ general pur- 
pose of these tests was to obtain data relating characteristics of longi- 
tudinal obstacles to vehicle perfomu-Jice in terms suitable for use in 
developing that portion of the analytical model for cross-country perfor- 
mance. The specific purposes were (a) to determine the maximum horizontal 
force and total work required GO override single standing trees of a range 
of sizes at various speeds and pushbar heights and (b) to determine average 
horizontal force and total work required to override trees in multiple 
array. Empirical relations are presented to support the conclusions that 
pushbar force required to fail trees singly and in multiple array, work 
required to fail trees singly and in multiple array, and work required to 
override a single standing tree may be predicted from stem diajneter( s). 
A method is suggested for predicting work required to override trees in 
multiple array. The results of the tree-felling tests in the Tunguska 
meteorite area were confirmed, with a single exception noted, and dis- 
cussed. It 1« recommended that additional testing be done in areas of 
soft soil to determine the effect of soil strength on uprooting, and in 
grass and brush areas to determine the effect of small vegetation on speed 
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AN AMLYTICAL M3DEL FOR PREDICTING 

CROSS-COUNTRY V51gCI£ FEKfORf^iANCE 

APPENDIX B:     VEHICI£ PERFORMANCE  IN LATERAL 
AND K)NGITUDINAL OBSIACI£S (VEGETATION) 

VOLUME II:     LONGITUDINAL OBSTACI£S 

PART I:  INTRODUCTION 

Background 

1. The main text of this report describes the development of an ana- 

lytical model for predicting the cross-country performance of a vehicle. 

The model was based on an energy concept within the framework of classical 

mechanics that requires causc-and-effect relations b» established between 

discrete terrain factors and vehicle response. This volume of Appendix B 

deals with the effects of a single terrain factor--longitudinal obstacles. 

The term "obstacle" in general refers to all features of the terrain, ex- 

cept soil, that are inhibitory to vehicle mobility. The obstacle-effects 

spectrum on vehicle mobility ranges from complete immobilization to minor 

speed reduction. For the purpose of the overall study, obstacles were 

categorized according to the direction of motion forced upon a vehicle 

negotiating the obstacle, i.e. vertical, lateral, or longitudinal. 

2. Vegetation, such as small trees, shrubs, bushes, grasses, etc., 

that a vehicle can override causes neither vertical nor lateral motion to 

any marked degree but creates a resisting force parallel to the longitudi- 

nal axis of the vehicle that acts to slow the rate of forward motion, hance 

the nomen longitudinal obstacles. 

3. Although veiy little information has been published on tree over- 

ride, an empirical relation between felling moment of trees and stem diam- 

eter has been published along with some interesting conclusionr, from tree- 

felling tests in the Tunguska meteorite area in Russia. 

Purpose and Scope 

h.    This appendix describes the longitudinal obstacle tests conducted 

B.l 
.■ 

J 

■ 



in the United States and in Thailand during the period August ^-November 

1965. The general purpose of these tests was to obtain data relating char- 

acteristics of longitudinal obstacles to vehicle performance in terras suit- 

able for use in developing that portion of the analytical irodel fbr cross- 

country performance- The specific purposes were (a) to determine the maxi- 

mum horizontal force and total work required to override single standing 

trees of a range of sizes at various speeds and pushbar heights and (b) to 

determine average horizontal for-.e and total work required to override 

trees in multiple array. 

5. Two types of tests were originally scheduled-single standing 

tree override and multiple tree override. When it became apparent that 

bamboo fit neither of these, a third type was added-bamhoo clump override. 

6. This investigation was limited to trees and bamboo in areas of 

firm soil. 

R2 
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KABT II:  TEST PROGRAM 

location and Description of Teat Areas 

NASA Marshall Space Flight Center 

7. Single standing tree override tests and multiple tree override 

tests were conducted at the NASA Marshall Space Flight Center, Hancock 

County, Miss. (fig. Bl). The locations of the test sites are shown in 

fig. B2. The  test sites were level to gently sloping (less than 2 percent) 

and free of surface irregularities; grass and some small bushes we.e grow- 

ing on the sites (fig. B3). Trees at the sites were coniferous, hardwood, 

or coniferous and hardwood mixed, with stem diameters ranging from 0.3 to 

13.5 in.* Soils in the NASA area wpre classified as ML, CL-ML, CL, SC-SM, 

SM-SC, and SP-SM according to the unified Soil Classification System (USCS). 

Average cone index in the 0- to 6-in. layer ranged from 80 to 533, and in 

the 6- to 12-in. layer from 112 to 750. 

Eglln Air Force Base 

8. Single standing tree override tests and multiple tree override 

tests were conducted at the Eglin Air Force Base test area, Fort Walton, 

Fla. (fig. Bl). The locations of the test sites are shown in fig. Bl4. The 

test sites were level to gently sloping (less than 2 percent), were free of 

surface irregularities except for an occasional stump hole, and supported 

grara and abundant small understoiy plants. Trees at the sites were hard- 

wood or hardwood and coniferous mixed (fig. B5). The stem diameters ranged 

from 1.0 to 13.0 in. The soils were classified as SM or SP-SM according to 

the USCS. Cone index in the 0- to 6-in. layer ranged from kl  to 132 and in 
the 6- to 12-in. layer from 60 to 199. 

Pran Buri. Thailand 

9. Bamboo clump override tests were conducted at the Pran Buri test 

area (fig. B6). All the bamboo clump override tests were conducted at one 

test site about 300 ft square (fig. B7). ^e test frea was level and free 

of surface irregularities (fig. B8). The stem diameter of the bamboo 

* nMtf l! 0f faC!0r f0r convertin8 British units of measurement to metric units is presented on page ix. «^.n. 
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Fig. B2.    Nation of test sites    NASA Marshall Space 
Flight Center test area 
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Fig. B3. NASA Marshall Space Flight Center test area 

Fig. Bl*. Location of test sites, Eglin Air Force Base test area 



Fig. B5. Eglin Air Force Base test area 

ranged from 0.1 to 1.0 in., the clump diameter ranged from 3 to Uo in. at 

the ground surface, and the number of stems per clump ranged from 10 to 55. 

The soil was classified as SM in the 0- to 6-in. layer and ML in the 6- to 

12-in. layer according to the USCS. The average cone index in the 0- to 

6-in. layer ranged from 95 to 17U and in the 6- to 12-in. layer from 112 

to 178. 

Khon Kaen, Thailand 

10. Single standing tree override tests were conducted in the Khon 

Kaen test area of Thailand (fig. B6). All the tests were conducted at one 

site about UOO ft square (fig. B?). The test site was level to gently 

sloping (less than 2 percent), was free of surface irregularities, and sup- 

ported grass, small broadleaf understory plants, and Heing trees (fig. B9). 

The stem diameters ranged from 1.8 to 13.0 in. The soil was classified as 

SM in the 0- to 6-in. layer and as CL-ML in the 6- to 12-in. layer. The 

cone index ranged from 121 to 209 in the 0- to 6-in. layer and from 120 to 

289 in the 6- to 12-in. layer. 

. 
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Fig. B6.    Vicinity map, Khon Kaen and Pran Biiri test areas 



. 

Fig. B7.    Location of Pran Buri and Khon Kaen test sites 
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PI«. B8. Bamboo override test area, Pran Bari, Thailand 

Fig. B9. Single standing tree override test area at Khon Kaen, Thailand 



Vehicles Used 

11. Two vehicles were used in these tests—an M37 S/k-ton  cargo 

truck and an M113 armored personnel carrier. Pertinent physical character- 

istics of the vehicles are as follows: 

M37 3A-ton cargo truck 

Test weight, lb 

Tires 
Size 
Ply 

Ground clearance, in. 

Engine 

•type 
Brake horsepower 

Transmission 

M113 armored personnel carrier (APC) 

Test weight, lb 

Track 
Contact length, in. 
Width, in. 
Shoe, in. 

Contact pressure, psi 

Bogies on ground, per side 

Ground clearance, in. 

Engine 
lype 
Brake horsepower 

Transmission 

7350-76U5 

9:00-16 
8 

10.8 

Gasoline 
78 

Manual, synchromesh 

19,515-23,896 

105 
15 
6 

7-5 

5 

16.1 

Gasoline 

215 

Hydraulic, single 
stage multiphase 

Photographs of the vehicles are included as figs. BIO and Bll. 

12. No comparison of the tree-failing capabilities (tree failure is 

defined in paragraph 32) of the two vehicles used in the investigation was 

contemplated as the vehicles were considered only as instruments for test- 

ing the vegetation. To this end, a heavy-duty pushbar was fabricated and 

mounted on each vehicle. The pushbar height of the M37 wac fixed at 26 in. 

(fig. B12); the pushbar height of the M113 could be adjusted in 6-in. 

Bll 
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Fig. BIO.    M37 3A-ton truck 

Fig. Bll.    MH3 armored personnel carrier 

incrementa between 20 and 56 in. (flg.  B13).    Both vehicles were equipped 
with fairly elaborate measuring and recording systems.* 

oüäf f^t^^ation ^ discussed in detail in "An Analytical Model for 
^IrF ^tf0™1? Vehicle Krtormence; Appendix A?    Instrumenta- 
\^   ZltZl^'l    A7 B- 0-4

Benn ^ M- **<>™> Technical Report No. 
3-7^3, July 1967, U. S. Amy Engineer Waterways Experiment Station, CE. 
Vicksburg, Miss. *       * 
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Fig. B12. Pushbar mounted on M37 
3A-ton truck 

a. Pushbar at 32 in. 

b. Pushbar at 56 in. 

Fig. B13. Toshbar mounted on M113 armored personnel carrier 



Vegetation Tested 

13. The vegetation tested consisted of coniferous «üid hardwood 

trees, and bamboo grass. Each tree overridden was identified by comroon 

name. The conifers included pine and cypress; the hardwoods included oak, 

hawthorn, and the Heing trees of Thailand. Bamboo grass was treated 

separately in this investigation. 

Types of Tests Conducted 

Ik.    Although the tests were basically alike in that they sought the 

answer to the question "How much force and work are  required to override a 

tree or group of  trees, and to what measured physical characteristic of the 

tree can these '>e related?", there were some diffcrenjes in the obstacles 

per se and the conduct of the tests. The types and number of tests in each 

of the four areas are listed below. It cam be seen that the major effort 

was devoted to single standing tree override tests (333 tests in three 

areas). 

Single Standing Bamboo Clump Multiple Tree 
Location Tree Override Override Override Total 

NASA 196 0 12 208 

Eglin 78 0 3 81 

Fran Buri 0 2k 0 2k 

Khon Kaen 59 0 0 59 

Total 333 2h 15 372 

Siiigle standing tree override tests 

15. Single standing tree override tests were, as the name implies, 

conducted against one live standing tree with adjacent trees removed so 

that the vehicle could approach the tree in a straight line and the tree 

could fall without interference. These tests were conducted at speeds 

ranging from 0.0 to 17.1 inph and at five pushbar heights ranging from 20 

to 56 in. 

Blk 
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ßaaboo clung override teats 

16. Bamboo clump override tests were conducted against single 

clumps of bamboo carefuljy selected so that the vehicle could approach In a 

straight line and the bamboo clump could fall without Interference. These 

teat« were conducted with a single pushbar height (26 In.) and at speeds of 

approximately 2 mph with the exception of two tests at higher speeds. 

Multiple tree override tests 

17. Multiple tree override tests were conducted against an array of 

trees that permitted Interference of the crowns as the trees were over- 

ridden. An approach strip was cleared so that the vehicle could attain the 

desired speed before entering the test site. Ihese tests were conducted at 

approximately 2 mph and at a single pushbar height (26 In.). 

Test Procedures and Data Obtained 

Single standing tree override tests 

18. Procedures. The vehicle accelerated to the desired contact 

speed at least 20 ft before striking the tree (fig. KLk).    The driver 

Fig. BlU. Pushbar striking tree in single standing 
tree override test 
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attested to naintaln this speed until the vehicle had co^letely over- 
ridden the tree. 

19. Data obtained. By means of electronic inatnaaentation installed 

on the test vehicle, continuous measurements of horizontal pushbar force, 

distance actually traveled, and tlae were made and recorded. In addition, 

for some tests vertical pushbar fbrce, drive line torque, drive shaft 

revolutions, and wheel or track rotational speed and longitudinal accel- 

eration were measured and recorded. An example of an oscillogram record, 

for test 3^3, is shown in fig. B15. A sunnary of the data read directly 

from the oscillogram, i.e. maximum horizontal pushbar fbrce, maximum verti- 

cal pushbar force, and maximum longitudinal acceleration, and the data com- 

puted from the oscillogram, i.e. contact speed, work required to fail the 

tree, work required to override tree, and maximum tractive fbrce is given 
in table Bl. 

Bamboo cluny override tests 

20. Procedures. The vehicle 

approached the clump at the desired 

speed and the driver attenpted to 

maintain this speed until the vehi- 

cle had overridden the clunq? 

(fig. B16). 

21. Data obtained. Instru- 

mentation fbr the bamboo clun?) over- 

ride tests was limited to only that 

needed to detemine maxiarum hori- 

zontal pushbar force, work required 

to fail the clunp, vehicle speed, 

and maximum longitudinal accelera- 

tion. A summary of these data is 

given in table B2. 

Multiple tree override tests 

22. Procedures. The vehi- 

cle approached the test site at a 
 „ . .     ^  L , FiÄ' B1*>' Bamboo clump after beinc 
speed of approximately 2 mph in its overridden 

.■ 
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lowest gear «d the driver attested to «attain this speed while proceed- 

l^g i^ as straight a line as possible though the teat site overriding all 

trees i« the path of the vehicle (fig. B17). Fig. Bl8 illustrates a «mlti- 

pie tree override test site after testing. 

W«. B17. Multiple tree 
override test. Rote 

crown interference 

Fig. B18. Multiple tree 
override test site after 

testing 

Bl8 



23. Data obtalaed^ The  Instrumentation on the vehicle measured and 
recorded horizontal pushbar force, time, distance actually traveled, drive- 

shaft revolutions, longitudinal acceleration, and drive-line torque. A 

sunnary of the data read or computed from the oscillogram is given In 
table B3. "*• 

Vegetation Data Obtained 

Single standing trees 

2^. For convenience in conducting the tests, ensuring that all nec- 

essary data were secured, and collating the test data, vegetation data, and 

soil data, each tree utilized in the single standing tree override tests 

was given a specific number. For each test the vegetation data consisted 

of the connon name of tree, tree height, branching height, stem diameter at 

h2  in. aboveground, crown diameter, and mode of failure, and observations 
of unusual occurrences during the test. These data are given in table Bl. 
Bamboo clumps 

25. Bamboo did not fall In the category of either conifers or hard- 

woods, and the tests were representative of neither single standing tree 

override nor multiple tree override. Various vegetation data were obtained 

during the course of the bamboo clump override investigation; however, only 

number of stems, stem diameter, and clump diameter are included in this 
report. O^ese data are sunmarized in table B2. 
Trees in multiple array 

26. Vegetation data obtained for the multiple tree override tests 

inciuded common names of trees, height, stem diameter, structural cell» 

diameter, and jnean tree spacing. A planimetric map of each multiple tree 

nJ^  ^ ^ Concept ^ its derivatives, mean tree spacir« 
Sfu \neA^ ''L^3^06' etc-' ^ ^en explored with sZl  iSen^ftv by 
the US Army Engineer Waterways Experiment Station. The concent is 

TllllT^T'T*   Fmirr  f^8 0f ^^atit o? the 

prepared by Marshall university, Huntington, W. Va   Vi<*Sburg, Miss.; 
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override test site was prepared; an example is shown in fig. B19. Lanedi- 

ately after each test the number of trees actualOy overridden was deter- 

mined. Ihese data are sunmarized in table B3. 

\ * 

,%N -****- 
L»mr or rrsT count 

•«1 

i 
t 

-*r- 
M0  Hi 

•    'Wit   «XMOtD 

tÄT or resr count 

Fig. B19. Fxanlmetric nap of multiple tree override 
test site NASA 6 

Soil Data Obtained 

27. During this study the primary reasons for obtaining soil data 

were to describe the test areas adequately and to ensure that there was no 

radical change in soil strength or composition at a test site. Bie effect 

of soil characteristics on the fbrce required to bend or shear a tree stem 

appeared nil to the experimenters (possibly because the soils in the test 

area were fim), and while an effect of soil characteristics on the force 

required to uproot a tree might be hypothesized, any investigation o- such 

effect was beyond the scope of this study. However, since soil strength 

and composition are necessary to describe a test area, and for possible if 

indeed not probable, future use, the soil data diseased in the following 

paragraphs are included in this report. 

Cone index 

28. Cone indexes were measured at the surface and at S-in. vertical 

increments to a depth of 30 in. around the base of each tree used in th* 

single standing tree override tests, to a depth of 2k  in. around the base 

B20 



of «ch b^boo =1^, Md to . depth of 18 ^      ^ 

hide in the multiüle tree override t»«fn  -rv. ,^. . P      override tests. The average cone indexes for 
each 6-in. layer are shown in tables Bl, B2, and 33, respectively. 
Moisture content 

29. Average aolsture content «. detemined fbr the 0- to 6-li, 

eaeh t1*"1"" "" ^ t0 l8'in- SOil 1WerS f0r th' "" —'' "■« -Je of 
ach tree used In the al^e »tending tree override te.te. A s^ry of 

ntat  i?
qUen^ ^ "" ",ltlPle '"'' OTerrlde ^'  (*»"' B3) «d not at all for the baaboo cluap override teats. 

Soil samples 

.ere ciT, l"!!" f0r Claa8ln<:ltlon of ^ »<>" ^oordlng to the UBCS 
-ere obtained fro« the 0. to 6.1n., 6- to l..^., ^ ,,. ^ ^ ^ 

Pa. of the vehicle In the ^^ t^^Z^ ^ 
thee, data ls elimm  ln tlbl<!8 3, ^ ^ ^ * 

nuance had aho™ the near nnlfo^t. of the aoll In the area lere Z 

bamboo c ^ override teata .ere conducted, additional sa^plea for labora- 
tonr a.alyala «re not tahen at the tla. of teatlng. Aa a «atter of 

Layer 

0- to 6-in. 

6- to .12-in. 

uses 

SM 

MI, 

Name 

Sllty sand 

Sandy silt 
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PART III: ANALYSIS OF DATA 

31. The  data collected In this teat program are analyzed under four 

headings: Single Standing Tree Override Tests, Bamboo Clump Override 

Tests, Multiple Tree Override Tests, and Motes, Observations, and Other 

Data Considered. The  conditions and assumptions upon which the analysis 

is based are described briefly in the following section. 

, 

Basis of Analyslii 

32. From a study of the results of the single standing tree override 

tests and a study of findings in other programs it was detemined that the 

stem diameter was the tree characteristic that best correlated with the 

vehicle-tree Interaction measurements; hence, stem diameter was selected as 

the independent variable to represent the tree in the analysis. It was 

considered that tree failure had occurred when uprooting of the tree, shear 

of stem, or deformation of the tree teminated the horizontal resistance to 

the pushbar. Other special considerations peculiar to a particular section 

of the analysis are discussed in the appropriate section. 

Single Standing Tree Override Tests 

Maximum horizontal puahbar force 

33. Data from the tests of hardwoods and conifers it contact speeds 

of less than U mph and at pushbar heights of 20, 26, 32 and 38, and 56 in 

are shown in plates Bl, B2, B3, and Bl., respectively. The  dashed lines in 

these plates were derived by treating the tree as a cantilever beam. The 

fiber-stress equation states that the resisting moment at any cross section 

of a beam is equal to the unit stress (sj times the moment of inertia of 

the cross section with respect to the neutral axis divided by the distance 

from the neutral axis to the outcast fiber, m applying this equation to 

a tree, the resisting moment is the product of the horizontal pushbar force 

and pushbar height (Fh • hp), the moment of inertia of a cr^ss section of a 

tree stem is tijek  , and the distance from the neutral axis to the 
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outemost fiber Is    d/2 ;  the equation can be written as 

F    • h   = 
h       T) 

3    ^ 3ingr 
d 

s 
T 

(Bl) 

3U. n,e ultimate unit stress for nost of the trees overridden was 

approximately 7500 psi.* Substituting 7500 psi for the unit stress, the 
equation is reduced to 

(For 20-in. pushbar height)    F - 36.8d3 
h      s 

(For 26-in. pushbar height)    F = 28 3d3 
h -'s 

(For 38-in. pushbar height) F   = 19 lid3 

h   ^* s 

(B2) 

(B3) 

(B^) 

(For 56-in. pushbar height)    F, = 13.1d3        (35) 

in plates Bl-BU note that although these are not lines of best fit, they do 

agree with the data points quite well. Two reasons are suggested for the 
variations: 

a. The 7500-psi unit stress is only an approximate value. 

b. Hie pushbar height is only an approximation of the length of 
the moment arm. m more than 50 percent of the tests, the 
failure occurred in the roots. (See discussion of number 
and types of failures, paragraph 51.) 

35. The solid lines in plates Bl-BU represent the parallel lines of 

visual best fit. 3he equations of these curves are 

(For 20-in. pushbar height)   p = 30.Od3 
h - 30.Od-        (B6) 

(For 26-in. pushbar height)    F = 27.Od3 
h      s (B7) 

* pL^T^f 0f A«1,1^^, "Wood Handbook," June IQlK). Forest 
Products Laboratory, Washington, D. C. ' sorest 
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(For 32- and 38-in. pushLar heights)   F. = 22.Od3     (B8) 

(For 56-in. pushbax height) F. = 15.0d3     (B9) 
h      s 

It can be seen in plates B1-B4 that these curves fit the data points 

slightly better, but it is also apparent that the difference in the two 

approaches is small. 

36. Ums, within the range of conditions tested, on both a rational 

and an eapirical basis, it is apparent that the max-tmum horizontal pushbar 

force required to fail a tree can be expressed as a function of stem diam- 

eter by the following general equation 

Fh = Kds (B10) 

where K is a constant for each pushbar height. 

37. Data from the tests of single standing trees at vehicle speeds 

of U to 17 mph and pushbar heights of 20 and 38 in. are shown in plate B5. 

Again, the enpirical lines of best fit are shown as solid lines, and the 

theoretical (slow speed) values for the two pushbar heights are shown by 

the dashed lines. All but one of the data points fall above the respective 

theoretical curves, indicating that dynamic factors influence the maximum 

horizontal pushbar force-speed relation. It is conceivable that additional 

tests might lead to a "dynamic correction factor" as a function of speed; 

however, careful examination of the data collected in this program revealed 

that while there were readily apparent differences between the forces re- 

corded during the tests at less than k mph and those recorded at U to 1? 

nph, the tests within each group disclosed no discernible pattern. On this 

basis it appears that predictions of the maximum horizontal force required 

to fail a tree at speeds of U to 1? mph should be made using the empirical 

curves. 

Work required to fail 
a single standing tree 

38. The work required to fail a single standing tree (W ) was com- 

puted from the horizontal pushbar force and distance measurements recorded 

B2J+ 



*mmi 

. 

on the oscillogram end was plotted against the stem diameter of the tree 

overridden. The res ilts of the tests of coniferous trees in the United 

States, hardwood trees in the united States, and hardwood trees in Thailand 

are shown in plates B6, B?, and B8, respectively. Note that a single curve 

appears to fit the date, points on all three of these plots reasonably well. 

It can be seen that tcr  the range of tree sizes and varieties tested, the 

work required to fail a single standing tree can be considered independent 

of tree type or geographical location and can be expressed as a furcti^n of 

stem diameter by the equation 

W = 56.Od^ 
PS (Bll) 

Work required to over- 
ride a single standing tree 

39• While the mathematical computations for the total work performed 

by the pushbar are precise and the relation established is clear, it must 

be borne in mind that the work performed by the pushbar is only a part of 

the total work performed by the vehicle. The pushbar, for instance, is 

unaffected by the frictional drag of  -getation on the undercarriage of the 

vehicle, and the vehicle obviously does at least a modicum of work in pro- 

pelling itself, even in the absence cf vegetation. To this end, the param- 

eter, "work required to override a single standing tree (W )," was defined 

as the total work done by the vehicle less that amount of work occasioned 

by motion resistance due to factors other than the tree itself, i.e. slope, 

soil, grass, etc. Ttie  value of this parameter was computed from the torque 

and distance traces on the oscillogram. The average torque at a constant 

speed in the approach lane was considered to be necessary to propel the 

vehicle and was subtracted from the torque recorded while the vehicle was 

overriding the tree. A plot of work required to override a single standing 

tree versus stem diameter is shown in plate B9. There is somewhat more 

scatter on this plot than is desired, but noting that tests from the United 

States and Thailand, of hardwood and conifers, at speeds less than k  mph 

and from i+ to 12 mph are all incorporated, the scatter does not appear 

excessive. The curve drawn through the data points is parallel to the 

curve relating work required to fail a single standing tree to. stem 
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diameter, thus permitting the latter value to be converted into work re- 

quired to override a single standing tree by applying a constant, as 

follows 

W. = 100.Od^ 
t       s 

W, = I.786W 
t       p 

(B12) 

(B13) 

Distance required to 
fail a single standing tree 

to. All attests to relate vehicle travel distance required to fail 

a single standing tree with tree characteristics, force measurements, or 

pushbar heights were unsuccessful. A summary of the distances the vehicles 

traveled to fail trees with the pushbar at heigh* of 20, 26, and 32 in. is 

given in table Bh.    frm the table it can be seen that with a 20-in.-high 

pushbar the distance required to fail a single standing tree ranged from 

2.1 to 9.k  ft, and the average distance was 5.67 ft; with a 26-in.-high 

pushbar the distances ranged from 3.5 to 8.2 ft and the average distance 

was 5.71 ft; and with a 32-in.-high pushbar the distances ranged from 3.0 

to 8.7 ft and the average distance was 5-93 ft. The small increase in 

average distance as the pushbar height was increased from 20 to 32 in. is 

Judged to be insignificant. Since the height of the bumper or leading edge 

of nearly all military vehicles falls within the 20- to 32-in. range, the 

average distance required to fall a tree with a military vehicle is 

considered to be the average of all tests or about 5.8 ft. 

Bamboo Override Tests 

hi.    Although a bamboo clump might appear, superficially at least, to 

be either a special case of a single standing tree or a multiple array of 

small trees, the test results were not compatible with those of either 

category. Plots of maximum horizontal pushbai force and pushbar work 

versus stem diameter, number of stems, clump diameter, and various combina- 

tions were studied to deteimine which feature of the bamboo clump would 
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give the best correlations. It was found that the plots with clump diam- 

eter as the independent variable yielded the least scatter; this is not 

unreasonable when it is considered that in all tests the bamboo clumps 

failed by uprooting, a£ previously illustrated (flg. Bl6, page Bl?). 

h2.    The M37 truck became immobilized in four of the 2k bamboo over- 

ride tests. In each of these four tests, thf. bamboo clump was actually 

failed, but when the vehicle attempted to completely override the clump at 

a slow speed, the front wheels of the vehicle were lifted clear of the 

ground and there was insufficient traction for the rear wheels to furnish 

the necessary forward thrust. In other tests, considerable wheel slip 

occurred as the vehicle was overriding the tree, resulting in torque meas- 

urements that were not amenable to analysis, hence the analysis is limited 

to maximum horizontal pushbar force required to fail a bamboo clump and 

work required to fail a bamboo clump as functions of clump  diameter. The 

relations obtained are discussed in the following paragraphs. 

Maximum horizontal puahbar force 

k3.    A plot of the maximum horizontal pushbar force (F ) required to 

fail a bamboo clump versus clump diameter is given in plate BIO. The data 

from the four tests in which Ijnmobilization occurred are shown by closed 

symbols and are be] Wed to be valid - oints on this plot since the immobi- 

lizations occurred after the pushba. hai failed the clump. The curve drawn 

represents the line of vf^ual best fU without reference to the data point 

from test 246. Notably, this test was conducted at the lowest speed and 

the bamboo clump overridden had the fewest stems of any in the program. 

This  seems to point out that factors other than clump diameter, i.e. number 

of stems, speed of Impact, and stem diameter, may significantly affect the 

maximum horizontal pushbar force. However, for the tests conducted, the 

equation of the curve in plate BIO 

F. = 2.Id2,15 
h     c (B110 

represents a reasonable approximation of the force required to fail a 

bamboo clump. 
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Work required to fall a bamboo clump 

Mi. As previously stated, the attempts to secure torque measurements 

during the bamboo clump override tests were not remunerative; hence, the 

work required to override a bamboo clung) could not be determined from the 

available data. Nevertheless, the Intermediate valuo, work required to 

fall a bamboo clump (Wb), was studied and a plot of these values versus 

clump dlaaetr.r Is shown In plate Bll. Die data from the tests resulting In 

immobilizations are shown by closed symbols and are held to be valid points, 

■me curve drawn is the line of b «t visual fit, again without reference to 

test 246. The  scatter of the data Is less than that on the plot of hori- 

zontal pushbar force versus clump diameter, suggesting that work required 

to fall the clump is less affected by speed than is horizontal pushbar 

force. The equation of the curve in plate Bll 

wb = 3.kl* 2.15 
(B15) 

provides an acceptable method of predicting the work required to fail a 

bamboo clump within the range of sizes tested. 

Multiple Tree Override Tests 

k5.    Obviously it takes more effort to override trees spaced closely 

together than when each tree can fall free of interference by its neighbors. 

The Increase is due principally to the interference of crowns as shown in 

flg. B18, page B18. The study of this increase was the principal purpose 

of the multiple tree override tests. 

Average horizontal pushbar force 

U6. A plot of average measured horizontal pushbar force required to 

fall trees in multiple array (Fj versus the average horizontal pushbar 

force that would have been required to fail the same ccmbination of trees 

severally (F8) as canputed from the relations established in the single 

standing tree override tests is shown in plate B12. A sample computation 

of average pushbar force required for test 12 is shown as follows. 
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Distance 
ft 

Tree 
No. 

85 
86 

St'im Diameter 
(ds), in. 

25 5.7 
3.5 

103 
10k 
105 
108 

3.1 
5.9 
3.6 
6.1 

109 U.2 

Work Required to Fail 
Tree (W ), Ib-ft 

10,371 
2,U01 
1,668 

11,501 
2,613 

12,711 
h,lk9 

Total 1+5,UlU 

8    ^5 

It can be seen in plate B12 that the average force requirement for trees in 

multiple array was significantly greater than that required to fail the 

trees severally, even when the latter was as low as 136 lb. It can also be 

seen that the increase in average force required becomes greater as the 

computed average force required to fail the trees separately increases. 

The scatter of data appears well within the limit of experimental error 

and the equation given in this plot 

F = 0.66F1'127 m      s (B16) 

appears to adequately define the average horizontal force demand of trees 

in multiple array within the limits encountered in this test program. 

Work required to fail 
trees in multiple array 

4?. A plot of measured wark required to fail trees in multiple array 

{Vj  versus the summation of the work required to fail the same combination 

of trees severally as computed from relations developed in single standing 

tree override tests is shown in plate B13. In this plot it can be seen 

that the total measured work required to fail trees in multiple array was 

significantly greater than the total work required to fail the f,ame combina- 

tion of trees severally, and that the increase in work required by trees in 

multiple array became greater as the confuted worv required increased. 

329 

- 

• 



Again, the scatter of data appears quite reasonable and the equation given 

in this plate 

W   = 0.6 f,1   (W )1 m Ll-Miv p'J 
1.088 (B17) 

satisfactorily expresses the relation between work required to fail trees 

in multiple array and the summation of the work required to fail the saune 

combination of trees individually. 

U8. Since the work required to fail a single standing tree (W in 

the equation above) has been shown to be a function of the stem diameter, 

combining equation Bll and equation B17 gives 

1.088 Wm=0-6[l"n^)] (B18) 

thus expressing work required to fail trees in multiple array as an expo- 

nential function of the stem diameters. 

Work required to override 
trees in multiple array 

49. The work required to override trees in multiple array is, of 

course, greater than the work required to fail trees in multiple array for 

the same reasons that applied to single standing trees. Regrettably, the 

available data do not permit an empirical evaluation of the work required 

to override trees in multiple array. Torque meters were not available 

until late in the test program. Therefore, torque measurements were ob- 

tained only for tests U55, U53, and U59- However, because of wheel slip 

during the test and errors made in calibrations, the torque measurements 

were not reliable. Nevertheless, it is possible to make some inferences 

from the relations established herein. 

50. It has been shown that the work required to override a single 

standing tree expressed as a function of the stem diameter (equation B12) 

is linearly related to the work required to fail a single standing tree ex- 

pressed as a function of the stem diameter (equation Bll), and may- be 

equally as well expressed ae a constant times the work required to fail a 

single standing tree (equation B13). In the absence of data indicating 
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otherwise, it appears that the same constant might be used to relate work 

required to fail trees in multiple array to work required to override trees 

in multiple array (W ); then 

V   = 1.786W 
o      in (B19) 

and substituting in equation Bl8 and reducing 

1.088 
(B20) 

Notes. Observations, and Other Data Considered 

Tree failure modes 

51. Illustrated in fig. B20 are the five tree failure modes ex- 

hibited in the override tests: type 1, in which the stem failed in com- 

pression; type 2, in which the stem failed in tension; type 3, in which the 

roots failed in tension and the soil in shear; type 4, in which the roots 

failed in tension without pronounced failure of the soil; and type 5, in 

which the stem deformed elastically. [types 1, 2, and 5 indicate that the 

root-soil system was stronger than the stem. Types  3 and h  indicate that 

the stem was stronger than the root-soil system. The  number of failures of 

each type is given in the following tabulation: 

Type 
No. of 
Failures 

0 No failure indicated 11 
1 Compression (stem) 10 
2 Tension (stem) 37 
3 Shear (soil) and tension (root) 215 
l| Tension (root) 12 
5 Elastic (stem) hi 

There was no apparent indication that the type of failure, per se, signifi- 

cantly affected the test results. 
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a. Type  1, compression (stem) b. Type 2, tension (stem) 

c- Type 3, tension (root) 
and shear (soil) 

d. Gype k,  tension (root) 

Fig. B20. Tree failure modes 

e. Type 5, elastic (stem) 
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Effect of soil conditions 

52. Within the range of soil conditions encountered in this progr i, 

the effects of the soil type, soil strength, or moisture content could not 

be isolated. While it is believed that the method of analysis, i.e. push- 

bar force and torque minus motion resistance, satisfactorily eliminated or 

compensated for soil conditions insofar as the vehicle was concerned, there 

remains the fact that 215 single standing tree override tests, as shown in 

the preceding tabulation, resulted in soil shear and a]1 of the bamboo 

clump override tests resumed in soil shear. It is axiomatic that soil 

shear strength varies inversely with moisture content, and it would be 

reasonable to expect the soil condition to have a significant effect on 

force required to fail or override a tree when the failure occurred in the 

soil. For instance, the tabulation in the following paragraph indicates a 

considerable difference in felling moments in dry and noist soils in the 

Tunguska Meteorite Area; however, as previously stated, the test areas used 

in the program reported herein were chosen to minimize the effect of soil 

strength on the vehicle, i.e. no significant rutting. It might be reasoned 

that wher< the soil is sufficiently strong, an increase in strength does not 

result in a significant increase in vehicle performance; then the increase 

in resistance to uprooting a tree would also be insignificant. This is, 

however, beyond the scope of this test program. 

Data from other sources 

53. In a report of the preliminary results from the 1961 combined 

Tunguska Meteorite Expedition, Florenskii* described a series of tests in 

which the felling moment of trees was determined by means of a winch and a 

dynamometer. Results of these tests yielded the following conclusions: 

(a) there is no relation between felling moment and species and age of a 

tree, (b) there is a distinct relation between moment and tree diameter, 

analytically nicely described by a parabola, (c) the parabolas are com-' 

pletely identical for fine and rocky soils, (d) the scatter of the data 

diminishes in inverse proportion to the diameter of the tree, (e) the 

felling moments of trees in dry soils are significantly greater than the 

* MK; P'J10^6"3^!; "P?eliminary Results from the 1961 Combined Tunguska 
Meteorite Expedition," Meteoritlea. Vol XXIII, Moscow, 1963. 
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felling moments of trees in moist, riverside soils. Each of the first 

four conclusions was verified by single tree override tests conducted in 

the united States and in Thailand. Florenskii's fifth conclusion could 

neither be confirmed nor denied; however, the magnitude of variation he 

reported is Interesting and is summarized in the following tabulation. 

Tree 
Diameter 

in. 

Average . 
Moist 
Soil 

5,100 

Felling Moment, Ib-ft 
Dry 
Soil 

8,000 

Percent 
Increase 

5-9 57 
7.9 10,800 16,600 5^ 
9.8 20,200 26,700 37 

11.8 30,too 39,800 31 
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PART IV:  CONCLUSIONS AND HECOJfffiNDATIONS 

Conclusions 

5U. Based on the analysis of the data reported herein, and subject 

to the limits iinposed by these data, the following conclusions are offered: 

a. The  maximum horizontal pushbar force required to fail a 
single standing tree may be predicted from the stem diam- 
eter, vehicle speed, and pushbar height (paragraphs 33-36). 

b. The work required to fail a single standing tree may be 
predicted from the stem diameter (paragraph 38)• 

£. The work required to override a single standing tree may be 
predicted from the stem dieuneter (paragraph 39)» 

d. The average horizontal pushbar force required to fail trees 
in multiple array may be predicted from the stem diameter 
(paragraph ^6). 

£. The work required to fail trees in multiple array may be 
predicted from the stem diameter (paragraphs 1+7-^8). 

f. The  maximum horizontal pushbar force required to fail a 
bamboo clump may be predicted from clump diameter (paragraph 

g. The work required to fail a bamboo clump may be predicted 
from stem diameter (paragraph kk). 

Recommendations 

55« It is recommended that: 

a. Additional single standing tree override tests be conducted 
in areas of low soil strength to determine the effect, if 
any, of soil strength on the force required to uproot a 
tree. 

b. Additional multiple tree override tests be performed to 
extend the relations already developed and to develop 
empirically the relation of work required to override trees 
in multiple array and stem diameters. 

£. Both single vegetation stem override tests and multiple 
vegetation stem override tests be conducted in areas of 
grass and brush to develop override-speed relations. 

d. Additional bamboo override tests be performed in other areas 
with a vehicle capable of completely overriding the bamboo 
clumps. 
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■ 
Kl 

CU*.      et 

CL-ML       ci. 

CUJ0. 

« 

CL 

CL 

CL 

Kl 

■ 

CL-ML    CL-ML 

ML ML 

00 

2t7 

?7l 

iOO 

t5t 

80 

CUML u, 

M> et 

SP-« sp.3, 

I 

CL 

ML CL-ML ci, 

ML CL-ML c. 

8C.*    «, CL 

*• KL CL 

* »* ET« 

M 3P-Ä 2P.3t 

«. CL-ML CL 

CUML    CLja cl 

CL-Ml.    CL-ML Ci, 

W ML 

M 

Kl, 

CL-ML 

CL 

CL 

r:. 

X-*   ML rt 

ML         ML ct, 

ML          CL-ML CL 

-'-ML    CUML CL 

CUML    CUML g, 

. -"      CUML CL 

C'~ML    CUMi. CL 

CUML    CUML j^ 

ML          CUML CL 

ML          CUML CL 

»• CL 

CU"I a, 

ct 

M 

ML HL 

17.« 

17." 

■>.! 

IT.« 

17.8 

17.8 

l}.0 

IT.« 

31.5 

17.i 

.1 . 

8-8 

.■o.. 

15.0 

IT.« 

11.7 

5.1 

15.0 

7-7 

7.7 

17.8 

W.l 

15.0 

ü.o 
17.6 

ll.l 

lt.1 

i7.6 

20.1 

20. 

20.: 

.'   -> 

17." 

17." 

II ... 

•1.0 

.7.5 

It  . 

IM 

17.3 

IT.J 

12.1 

17.) 

«O.T 

17.3 

IJ.l 

t.t 

it., 

12.1 

17-3 

., . 
6.1 

i, .i 

7.1 

7.1 

17.3 

16.2 

16.2 

1».T 

lh,7 

17.5 

1«.T 

a.T 

18.7   Taproot railed  U In.  stove (round eurface 

IM 

1" 7 

d. .0 

I« 7 

12.1 

17.3 

U n 

L .1 

17. 3 

16.2 

16. 

U - 

lt.. 

.. .1 

17.) 

17. ■ 

16.1 

11.. 

l?.l 

15.6    lnfr"ted ares observed or BtsB 3ust above «round surface. 
Taproot failed  1? In. below (round surface 

»a 

ITS 

n.:. 

1-7 

It.2 

13.5    Taproot  .ailed 6 In.  b« lo« (round  surfaie 

T.» 

7-t 

18.7 

17.5 Taproot failed 10 In. belo« (round surfs"! 

17.5 

13-5 

1:.', 

IB. 7 

11.7 

U.8   Tiproot failed  10 tr .  below ground surfve 

18.7   Tree failed 22 ft above (roun ; surface 

17.^ 

17.5 

17.5 

17.5 

11.5 

If.7 

18.7 

lb.7   Undercarrlw or v,!.l  > s r-i-: ITk   j-A wool rron, tree steei 

U.9 

16.7    Ttproot  Tall   .   ;     in.   '.».ow ^rowi 1  surfii «. 

13.5 

£ 
Elitet c) 



: ■.!•    U ICortlr.ufj) 

•> 

1 

i ; .*c ■■ 

7 

- 
Irv 

1     1*1 H. liM 
Cr.«. 

DtMlWr 
n 

t«a 
r>l«wt.r 

.    1-..  A'    .-- 
-■r   ..l,   la. 

«or.  P. iulr. 1 
•o Fill 

■or» K.-iuir«! 
*o .verrld. 
Ti.-.  Ii -IT 

NMLAM 

Tract In 
F .r «, .L 

• • 

Mulaa 
Horizont«! 

R,3h»»r 
-   r  • ,   ; 

H . ,■ , 
».rtlc. 
P.  ■   *- 
t   r-,  i 

1,150 

p... .■ 

toy-. 

lr.. 

■- 

Cmtwt 

Tr.y.. 

U..«ltuil.- 
Acclvntlo 

**to  of f 

\    V B » .• k,T50 

I'.  1     tyt-B V ntlau^l 
«13 -. .•,- (5 fc^.r   (.   1. 

Ten. t   t.   ir 

»13 V   J- •1 :. . - » '- 1 f. •• . 5.3 t • • •• 10,.>00 ,1J0 |0 lb.. tl 
I.--.1    (iClll 

T'-nsloc   (ra 

11113 UJA-I . .-: ,W. .■7 ii   . 1 11 1 • ■ • t - •• k.000 i,«e Hi ... .. JWMU-  (»oil 
Tenbton  (ru 

■Uli Mau« IJ9 1** • 16 to .- f •• M ;,9W .'.WO ti .   .. :• !. ; ■[, („r 

1013 M.A-A ..- :. . 19 10 5.k t M - 3,650 i ■. ■- Ji J.k5 .Iwtr (soli 
TtulM (ro 

HU3 IAS«-* •>" \ . ■- . . . 5.5 1 •• •• t.,900 5,050 ■■ k.e u.ku KlMtle {*v «n. WSA-A i Hi ... .r* 1-, J.5 1 •» %m d.ooo 50 ;■ i   .9 0.50 Trni>loD (lit. 
KJl' MS«-A •- In - 15 10 5.5 t Ml " k,500 1,1U0 -,■ 13.1 I f •h*V   (ewll 

.Vr.   ..r.   (ro 
MU ««.>.* 133 lok ; iw - 10 5.5 f •• urn 5,680 .\500 * 10.2 0. y; ■ ■   "         11- 
NV/ t;-f 1.3, M-/ .'- 'X Urn ■ X ... 9.6^ 1   .tot 5,15k 5,192 ~ 26 1  I. -0.Ö5 

■y.-nr (...-II 
■>t . i   r.   (ro 

KJ] 1-7 ,.. 
'■■; 19M 7 ■ im ... 17 Id, 78.^ ^3.960 k,kk7 k,973 .. . j.9 -0,05 

Jhesr   (riOil 
:-r.. 1   ii   (ro 

«u US*-« lit, WT m. lk7 na . It 1 5.« t " • • 5,«JC 1,200 m L).l 0.60 Aew (doll 
Trn«lon  (ra 

KH3 M3«.I 19 ■M I M 110 Pia <... kl I) 5.7 t • • • • tt tt » 0.0 MI Jhe*ir (eoll 
':• '   1 •   (rot 

NJ7 E-T ■.«.. lk| 1964 73 MM 5 -. 8 5.7 »f f» i.^i .» •« « .. r -0.90 Flo PMtur« 
Kj) E-7 ^"9 ".y 196k tA lli.r k 

<■- 0 5.8 »f rt k,7^ Tt «• .■6 1-9 -C.70 »0 FBllure 

M113 »SA-C n • . 19W ■ ' [•;-..■ 8 H Ik V* t •• • ■ 7,300 1,550 V 5-9 It .Iwiu- (soli 
lension (rot 

«13 lU.Jk-A iii «o» 196k Ik» ; ;nr ,o a .) 5.8 t •• ■• tt 1,1.00 y ... . 0. fj .aw«r  (»oil 
Tenaiun  (ro* 

»37 1.1 *., 196k t] Urn J -J ao >■) tl tt 5.&JJ tt M .-() 1.7 -l.U Nu Faliur« 

H113 USA.« LM ■ov I9ik 151 nn. i- - u ;■< t •* ■ ■ 7,550 l,7k0 i' 17.1 ■ ■*■ 

Jiear (noil 
Tendon  (ra 

K113 USA-E l-,0 ■ V 196k .-i MM ^ ..i a 6.0 22,320 -• M 7,650 3,650 At 0.0 •* Elastic  (aU 

IU13 «ASA.E 93 ■n .... LU pa • . u 15 6.0 t •* • • tt it t 9-1 11 Jiear («oil 
Tension  (rot 

Nil 3 HA. '-A 112 *,« .»A l-f Mai Si M tl i.O t - • • 8,300 2,100 * 6.1 .Hi. 
.JIPV  (soil 
Tension  (roi 

(013 IUSA-B If, ■M 196k U Pin. I! B i 6.1 ?7,920 •• - 10,350 2,925 0 0.0 «HI J>r«f   (solll 
Tension (roc 

Hin M3A.1 H< ^    V 196k 111 H.i» n k? 10 6.1 « •• • • 7,250 2,300 V u.\ tt Jhear  (soil| 
l^nsion  (ro< 

NU3 V A-A U5 ■n 196k M Plai ,i kj 15 6.1 t •• • • 6,800 1,975 <■ 11.1 0.80 
Tvnttion (ra 

NU3 uaA-t 8k !fcv 196k UJ Rai i.j k7 7 6.2 f •• • ■ 9.300 2,600 It 5 1 M Elastic  {   ■.« 

K113 ■ASA-A m ■or Iffk at ii.» ke 93 15 6.2 t •• - 6,750 1,650 v< 12.2 0.60 a»ear (»oil] 
Tension (ro« 

«113 ■UA-I m H.,v 196k i« Urn 16 n 19 6.3 f *• M tt tt r 13-7 tt -Jiear  (soil] 
Tension  (rofl 

(1113 MSA.» m Hoy «A 79 MM Ik ♦' a 6.k I6,5«ü «» •• 9,k50 3,000 V 0.0 •• Hear  (soil] 
Tenalon (roo 

»Uli IA3A-! V Soy 196k 19 MM 1) k5 10 6.k 23,520 M ** 13,900 5,800 n 0.0 - ■Mtf  (soil] 
Tension (ro» 

1013 ■ASA.t kK »ov .c~ 90 MM tu JO M 6.k •• •• 9,200 2.300 J» 52 tt %car  (soli] 
1b*J*aa (ra« 

«us ■ASA^t 19 ». « 196k ITO Pin» «.; 5k ! 6.5 « • • 9,500 2,375 0 6.3 . r- .Twai   (soil] 
Tension (roa 

KU3 IA3A-A kk| ■n 196k .74 PlM » '7 u 6.5 ~ *• 7.600 ^,k<0 N k.8 O.kO 3war  (soli) 
Tension (roc 

«13 V >-I H ■n 196k 71 HM « 10 u '.t 23,kkO •• • • 8,050 • ,350 V 0.0 .. Tension  (st« 

(013 ■ASA-A k »,.y 196k 59 MM .. - 18 6.6 •• •• 3.700 1.850 v 0.0 " Arar  (soil) 
Tension  (ro« 

(013 ■ASA.C « »ov UM i x. PlM 15 21 « •• - 5,800 1,900 v 3.0 • • AMT (soll) 
Tension (nM 

IÜ13 «A3A-C t.-, * V 196k 67 PlM U 33 U .... ** • • tt tt y 6.3 ft 9Mar  (soil) 
T*'.   i* :.  (rail 

(013 ■A3A.I M ■o. ..- 135 PlM Ik k] ?o 6.6 •• •• 10,700 2,300 N 9-0 •' Avar (soil) 
Tension (ra« 

NU3 ■ASA-I at, »o» 196k 137 Pin. <" u 10 .... " • • 9.650 2,000 v 8.k tt fcear  (»oil) 
Tension (ro« 

(tJlj USA-I M »O» 196k " PlM |Q ... 1U >.>. •• - 9.500 1.950 N 3-7 tt *ear   (soil) 
Ten«ion (ro« 

>.e*r   (soli) 
Tens to-   (ro« 

»U3 ■USA .A in ■ov 196k .68 PlM » k9 20 t.t M - 8,800 1,500 H 12.6                  0.60 

(Continue) 
■•    lo ^mmmmmnt ■ute. 
t    Tot»l itork not record*!. 

tt    lnstr\a»nLation f ■.:.-! 
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v • 



Till»  U ( -ot.'.li.'j^j) 

Mua« of r»l.>ir» 

t»i (r.-titiirj^' 

v. «I o. „,   i^. 10 10. u j^-io o. io t. io   TTTT: B. ic t. to—rrr^ 
6-ln.    l?.ln.    IB-U.    2t.in.     jo.,,,.    6.u      u.la.    l8.ln     ^^      j    ^      ^^ 

J-C£   iaCI_   iaill.    ^/«r      Ulf«r     Jajwr    U^r      Uy.r      Uj,r    ^/.r      l^.r f--».: r 

...^ 
D.k; 

u.l»0 

J.>J 

f 

O.JO 

.0.05 

l. CO 

-0.70 

0, Iv 

.l.U 

C.JO 

tf 

• » 

tt 

"■•VJ 

ff 

0.60 

r< 

tt 

0.70 

... M 

tt 

tt 

.3t**r («oil) 
Twneitm (root) 

Jle«r  (•oil) 
Tcruloo (rxMt) 

Ckrtr (»oil) 
Tension  (root) 

Trnslon (itea) 

J»v (toll) 
Tension (root) 

tU»tlc  (ätca) 

Tension (i.t«a) 

lieir  (soil) 
Tension (root) 

Elastic (stea) 

lieu-   (soil) 
Tension (root) 

.»leer (soil) 
Tension  (root) 

tkMT  (soil) 
Tension (root) 

Jhtir (soil) 
Tension  (root) 

No Pallur« 

Ko Failure 

J6»ar  (soil) 
Tension (root* 

r ■T (sou) 
Tension (root) 

Mo Faliur« 

J>ear (soil) 
Ttnclon  (root) 

Elastic (stea) 

>.    ir   (soil) 
Tension (root) 

Ap*r  (soil) 
Tension (root) 

»ear (soil) 
Tension (root) 

(soil) 
Tension (root) 

(soil) 
Tension  (root) 

Elastic (sua) 

3iear (sou) 
Tension (root) 

Sbrmr (soil) 
Tension (root) 

>.-«r   (soU) 
Tension (rot.*) 

Jiear   (soil) 
Tension (root) 

Jiear  (soil) 
Tension (root) 

J»ar  (sou) 
Tension (root) 

Sear  (soil) 
Tension (root) 

Tension (ste«) 

aiear (soil) 
Tenslnr, (root) 

.Dear  (soil) 
Tension (root) 

Shear   (SOU) 
Tenslfc.l   (root) 

>>ear (soil) 
Tsnslon (root) 

Tissr (sou) 
Tension (root) 

3>sar (soil) 
Tension (root) 

3btr (sou) 
Tension  (root) 

215        i«i 

l,- 

1* K8 

51^       T50 

JOO      ^97 

'> .!! 
160 t\k 

l!k 197 

71 ■i- 

23* *. 
367       1.72 

' ..t 

toe 131 

;<2 S19 

578 ■-i\ 

117 132 

327 3T0 

■« JSI 

<m «, 
96] »37 

163 Jl 

265 3f9 

Kt ?5« 

01 »7» 

M <• 
i. H 

2»3 no 

»t> IM 

(JJ ..-. 
■ai MB 

21» 257 

■'• •93 

in 37» 

' * 

mn M5 

i«) 27» 

•« m 
m aaa 

IJ3 

;-. 
161 

316 

1% 

*■ 

57! 

6»o 

i./. 

160 

150 

139 

326       676 

»»1 

;.< 
|lt 

53» 

»75 

55i 

«9 

l-v- 

' 3 

5»5 

'»' 

3»5 

*0 

319 

133 

..* 

' I 

M 

(ft 

■A 

5}i 

.311 

167 

837 

115 

a,ja  cwa    CL 

I»9 

293 

296 

113 

HI. 

>C 

t 

KL 

M. 

M 

M 

> 

M 

ML CL 

CUO, CL 

CI-ML CL 

Cl^ML CL 

CUML CL 

CUHL CL 

CUML CL 

JP-J< 3P»* 

i- * SP.JM 

CUML CL 

HL CL 

■:r.m sf.=H 

.-p-jt SP.* 

CL.ML    CUNL      CL 

■ 
y 

ML 

w. 

CUML      CL 

'I- * i. M 

CUNL      CL 

a 
CL 

ML CUML      CL 

KaM   ML CL 

Ml. ML CL 

■ 
It 

M 

CUML      CL 

ML CL 

CUNL      CL 

ML ML 

Ml 

■ 

CL 

Cl, 

CL CL 

CUNL CL 

CUNL CL 

CUM. CL 

M.         CL CL 

ML          CUJC CL 

CUML    CUML CL 

CUML    CUML CL 

M,         ML CL 

ML         «. CL 

m.      m. a, 

W.          CUNL CL 

17.8 17.3 

20... 16.. 

15.0 12.1 

17.6 17.3 

17.8 17.j 

17.6 17.j 

17-8 17.3 

17.6 17.3 

17.« 17.3 

3.6 ».» 

7.7 7.1 

17." 17.3 

15-0 U.l 

7.7 7-1 

3.8 k.» 

20.2 16.. 

17.8 17.3 

3.8 I.» 

17.8 17.3 

15.0 12.I 

15-0 12.1 

17.8 17.3 

13-8 13.1 

15.0 12.1 

17.8 17.3 

15.0 12.1 

17.3 17.3 

15. I  . . 

10.6 9.5 

18.6 15.3 

17.8 17-3 

17 8 17.3 

17.8 IT. 3 

18.5 12.7 

1^.9 20.1 

20. i lb... 

.0.^ 16.^ 

150 U.l 

15.0 12.1 

15.0 12.1 

17.6 17.3 

13.7      Taproot  fallel   18  In.  be'.ow «round surfte 

17.5 

13.5      Taproot  fiUel  -.t  «rouni  surface 

16.7     3t«a fallsi In ten.lon C In. above grouna jurface 

in Y     Tafroot  fal •:   Ifl In.  bejow «rounl aurfic^.    M-tln ate« fall*! 
^.  ft abo«  .:r-'unl  surface 

18.7 

18.7      Tree  failed  In tension 8  ft  bbove ground  surface 

18.7      Msln fltesi fallei 25 ft above ground  surface 

.'.7 

».6 

7., 

i6.7 

l, s      Portion of stem nr.  Infected  fro« the ground surface  to a 
'"' height  of   * lr.. 

7.»      Vehicle InBobllUed 

''•6      Vehicle liasobliUed 

17-5      Inf» t»! taproot.    TiiToot filled 2« In. belo» ground surface 

16.7 

».8      Vehicle maoblllzed 

ie T      Stem ».t snipped off at the fushlar height of  .6 In. snd fell 
en tip of the .chicle 

13-5 

13-5 

18.7 

13-9      Undeivar-lage of vehicle   Irag^rl  on the enpoa»!  root lulb 

13-5 

18.7 

135 

13-9      Taproot  failed   16  In.  belo» grawid  surface 

1, ,       Tiproot  failed   18  In.  below ground BUrf-.re.    Steir. assuned  a 
bo» shape  lasedlstel/ after contact 

12.» Taproot failed «3 In. below ground surface 

l».e Tiproot fallrl    U  In. belo» ground surface 

18.7 Taprcjt  failed  ..   In. belo» ground surface 

'.q.7 Taproot fallei 6 In. be.o» grour.l surfa-e 

19.7     T.proot  failed  .! In. belo» ground surfa-e 

13 2      3t*" f'u •«■ln6t • neighboring tree before contacting 
the grcund 

.-7 

17.5 

17-i 

13-5      Taproot failed   .0 In.  i«law ground B\irt.*e 

13-5     Tres crown failed 26 ft above ground surface 

13-5     Taproot failed 36 In. below ground surfa.-e 

16.7      Ste« failed  In tension 6 ft  above gruund  surface 

(3 twvts) 

t> 



Tu If  U ICofitlniH«) 

T»«t T*»l Tree 
Vehicle    Site jfc        g».    Tr.l  late      »u. 

HU3         MauD JT Hoy    1964      TO 

MUS          M3*.t 107 »oy    1964     . )■ 

MU3         «AJA-A 122 1»    1904    »1 

KU3          USA-E 68 Hoy    19t>4    119 

■<■.!'          MSA-t 118 lov    19M    14« 

N113        !urj>.i 146 Hoy   1964   177 

HU3         «AJA-A 46 Koy    1964     40 

«H          IASA.C 66 »oy    1964      72 

1013          USA.! 102 Koy    196«    133 

Hill          IUJ.A 135 lor    l»j4    166 

Ulli          «AiJk.A llt3 »oy    1964    176 

NU3           !1A:A.E 26 »oy     1 -«J.          1 

Hin          USA-C 62 »oy    1964      63 

«13         HASA-I 92 Roy   1964   123 

KU3         »ASA-t 95 lent    1964    12t. 

Hin         «ASA-I 103 »oy    1964    134 

NU3          «ASA-A 110 m    1964    141 

M113         MSA-I 23 »oy    1964     30 

Hin          MSA-M 147 Knr    1964    178 

NU3         »A5A-D 35 »oy    1964      I) 

■HU         « -»-: 30 ■»    1964      17 

MUS MSA.A 48 »oy    1964      38 

Hin lASA.t 96 Roy    1464    irr 

HllJ «ASA-I 99 »oy    1964    130 

Hin »s A.t 157 »oy   1964   188 

Kin «A3A-B 13 »oy    1964      40 

H113 »A3A-E 97 »oy     1965     12« 

«13 «AJA-A 126 »oy     1965     156 

mn «.A-[ 31 Roe    1964      18 

IIU3 «ASA-r »-0 Roy    1964    1-9 

NU3 IASA.t 87 ROT   1964    118 

(013 RA'A-S 10« ROT    1964    lj6 

HllJ «A3A.A 113 ROT    1964    144 

IIU3 RASA-T 89 .■    1964    120 

H13 RASA-A 123 ROT    1964    154 

MUS RAS»-I 100 ROT    1964    Ijl 

nii IA£*-I 109 ROT    1964    140 

Hin RASA-A 127 ROT    1964    157 

Type 
BTHri^h- 

ilR 
Hellet 

ft 

Tree 
Helftit 

ft 

Crown 
DUaeter 

ft 

JMa 
-iMrler 

U In. Atov»- 
^roind.   In. 

Uorh Required 
to Ml 

Tree.  U-ft 

nm K 4.' 10 M 

nm 15 45 20 6.7 

nm -'•• 47 l' 6.T 

nm y (•■ »5 (.1 

nm » y* 12 i.( 

rtm V M W i.9 20,960 

\\:- « SU 15 t.9 

nm 7 1' n 6.9 

nm 15 41 «9 6.9 

Plnr ä) 49 M (.9 

1 IM M v. 12 «.9 

HM 15 P 16 7.0 22,560 

F'lne 13 v IJ 7.0 

Pine 35 45 1k T.« 

na 15 4t .0 T.O 

MM » 43 ti T.fl 

HM M M 15 7.0 

m,- - 67 21 7.1 40,320 

i-lne t) 40 U 7.1 22,5*0 

!lne W M 20 T.2 21,600 

'■Im H 18 ■9 7.3 33,400   ' 

Plne »< 4( 20 T.3 

MM K 40 13 T.k 

HM it n j0 T.4 

MM H H U T.4 

Km M 57 19 7.-. 

MM SU 4> •9 T.5 

Hr.e 30 60 10 T.9 

MM 18 45 M T.« 36,320 

Ptm v 51 M T.6 36,560 

Hr. .... 45 H 7.'. 

NM X) ■■> ."> T.6 

! Irw V tt H T.6 

line 15 3« •9 M 

MM « 51 16 7 6 

■^n» ^ 48 IP 77 

MM N 92 10 T.I 

HM n J1 15 7.8 

H. r» »equlr.-d     Ifcirl—     horlzuot«; 
to 0TeIT,,-       Tractly«       Puahbu- 
Tree,  Ib-ft       Porre,lb      Force. It 

tt 

8,550 

6,000 

tl 

9,450 

6,800 

8,050 

6,IX 

15,200 

6,100 

7,800 

12,000 

10,700 

18,400 

It 

15,550 

10,800 

15,3oO 

12,200 

9,9^0 

15,600 

9,600 

9.5U0 

tt 

7,300 

7,600 

19,900 

13,100 

14,100 

IT, 550 

tt 

11,200 

12,200 

ft 

13,000 

18,TOO 

16,100 

IT,150 

»•rtlc«! 

Potrt. n 

M 

2,TOO 

2,300 

ft 

2,550 

1,9T5 

2,400 

3,250 

3.300 

2,600 

2,000 

2,700 

2,700 

3,TOO 

ft 

2,850 

tt 

J,8oo 

1,T80 

2,2T5 

5,800 

2,100 

2,400 

ft 

1.525 

2,100 

4,500 

1,100 

i,T50 

2,000 

tt 

2,800 

2,150 

tt 

4.30C 

3,200 

4,200 

-1,950 

hist.! Ar 
«.UM 
Aboye- 
«rouiil 

In. 

Jpeed 
an 

Contact 
Uxiclt'jdla 
Acoeleretl 
 I  

:-fth   >J Treel.   Unltel  .Iftfi   (' 

tO          0.0 •• i 

m       4.7 ti 

38         8.T 1.00 ; 

36 14.2 tt ; 

38           5.7 1.10 I 

20            0.0 •* ! 

36           0.0 •• 

JB            0.0 •* j 

38           8.5 tt I 

36 12.8 0.90 ; 

38 11.9 0.50 ; 

20            0.0 •♦ 

38          4 7 0.40 ; 

38 14.0 tt j 

3d 10.6 tt j 

36 12.7 tt j 

33 14.6 0.75 j 

.0           0.0 •« j 

20              CO •• 

II 

t 

.11 

20 

v< 

ll 

vt 

v 

v< 

v 

r 

H 

0.0 

0.0 

o.u 

0.« 

O.U 

0.0 

0.0 

10.3 

13.1 

0.0 

0.0 

5.8 

7 7 

57 0.80 

8.5 ft 

12.C 1.20 

11.2 It 

12.2 tt 

10.8 l.fO 

(Cont .nv.eO 

1.25 

• ■ 

0.25 

tt 

ft 

t    Tot«! work not recorded, 
tt    InatrvMntntlon fulled. 

S^ 
• 



TVlr  U (CoaUnusd) 

Lontltudlnal 
Mci    Aco«i*ratlcm 
fe i__ 
it. i»u»a 3t«t«i ir<»tiiiu.ii; 

„    , krtnm Cone 
uses 

1 of Mlgr« 
»-IB.   12.111.   le.u. 
ISS    ^JTW      ^»r 

Sol;  CU.llflctU^r. »Ulitur. "ODtwt. « 
r-c—rrtr ■a. to ?». to o. u t. io   unr !. u i. ic 

^-lo.     JO-U.    6-ln.     U.U.    18-Ui.    6.in.     u.U.     tS-la 
laE_    Ucr.   Jajjr    lw      !«,.,      I^ytr    L^r      ^j.r 

1,00 

It 

1.10 

't 

'1 ■*, 

0.J0 

ft 

t! 

O.Ti 

it 

1.25 

0.25 

tt 

tt 

0.8O 

tt 

l.H 

tt 

tt 

(wU) 
i^iwluf  (root) 

■ (»oil) 
TM Don (root) 

At ir (toll) 
Tfrulon (root) 

9lMr (•oil) 
Ttoalon (root) 

Sttmr («oil) 
Tcnalon (root) 

auu (toll) 
Teruloo (root) 

Shur (»oil) 
Tension (root) 

■ (toll) 
Tentlon (root; 

a>Mr (toll) 
Ttnaloo (root) 

axu- (toll) 
Ttnilun (root) 

■i*T   («Oil) 
Tension (root) 

ai«»r (toll) 
Tension (root) 

-»ie»r (»oil) 
l*n»lon (root) 

ShMu- (toll) 
Tension (root) 

Stfmr  (soil) 
Tension (root) 

Sheer (toll) 
Tension (root) 

3ieer (soil) 
Tension (root) 

■ ti?,.r   (soil) 
Tension (root) 

(soil) 
Tension (root) 

- («oil) 
Tension (root) 

Tension (stea) 

Steer (soil) 
Tension (root) 

aienr (soil) 
Tension (root) 

Tension (stea) 

3>eer (soil) 
Tension (root) 

Sbeu- (soil) 
Tension (root) 

Shear (soil) 
Tension (root) 

Sheer (soil) 
Tension (root) 

Steer (soil) 
Tension (root) 

Sleer  (soil) 
Tension (root) 

-   (soil) 
Tension (root) 

il'«l   (soil) 
Tension (root) 

Sheer  (soil) 
Tension (root) 

Sheer  (soil) 
Tension (root) 

_■ (soil) 
Tension (root) 

• (soil) 
Tension (root; 

__' (soil) 
^inslon (root) 

Tension (stea) 

286 —t 

126 135 

297        Mj 

ua 

I'd 

ft 

313 

BO 

197 232 

Ml 660 

2t>l 36t> 

277 358 

181 181 

213 31'> 

193 269 

19>> 251 

517 750 

Ski 322 

S3» 359 

"5 151 

329 553 

220 326 

166 323 

225 281 

166 172 

221 365 

330 516 

291 380 

!'.3 215 

196 260 

210 282 

15» 230 

261 386 

17» J73 

239 331 

»5 335 

339 37» 

35!) 621 

M 

.10 

IN 

»51 

kR 

■ vr 

03 

110 

HO 

691 

37;' 

.bo 

.'13 

m 

237 

M 

750 

»33 

»5^ 

. *> 
m 
Do 

»o 

963 

100 

»56 

:.x 

»2» 

NO 

33» 

(17 

k(l 

»'I 

373 

TT 

(36 

6T. 

~ n. a a 

~ «. «, CL 

•" ML cum, CL 

•• HL (tt, CL 

" W, CUJO, CL 

•• ML ML a 

•* ML CLJO, CL 

•• a^ML c'^ja a 

•• M, ML CL 

*• ML CU«, CL 

•* It CUML CL 

~ ML »tt, CL 

*• CUKI CIJ1L CL 

•* ML ML CL 

•■ ML CL 

~ ML ML .t. 

•• ML CLJa      CL 

•* ML 

*• ML 

*• ML 

•• ML 

•• H 

" ML 

— ML 

•* ML 

CL       a 

a       a 
CUML      CL 

ML 

•• 9C-3(    ML 

•• ML ML 

•• ML 

•• ML 

•• ML 

•* ML 

*• ML 

•• ML 

■• ML 

•• W. 

•• m. 

•• ML 

Cl. 

CL 

CL 

CL 

CL 

CUML CL 

CL CL 

ML CL 

■a. a 

NL a 

CUML CL 

NL CL 

CUML CL 

«. CL 

ML CL 

CUNI. CL 

9-6 8.7 11. i     I.proot relied 30 1«. belo« ground surfte 

150 L? I 13.5      Tsproot felled 2» In. belo« (round surfece 

17.8 17.3 Jg.-,     Taproot failed IP In. belo« «round surface 

15.0 12.1 13,5 

17.8 17.3 18.7 

150 12.1 13.5     Taproot failed 36 in. belo» (row) surfece 

17.8 17.j 18.7 

20.r      16.2       17.5     Taproot failed 12 la. belo» (round surface 

15-0      12.1        13.5 

17.8      17.3       18.7 

17.8  17.3   18.7  ^PT00* felled 30 In. belo« grrund surface. Ihln stea felled 
36 ft ebove (round surface 

13,5 11.» l».l Teproot felled 36 In. belo« (round surface 

20. J 16.2 17.5 Teproot felled 2» In. belo« (round surface 

15.0 12.1 13.5 Taproot failed 12 In. belo« (round surface 

15.C 12.1 1? 5 Taproot felled »8 In. belo« (round surfece 

15.0  12.1   13.«  Teproot failed 2» In. belo« (round surface. Htln ttsei failed 
32 ft above (round surface 

IT.8  17.3   18.7  ""^ ••■ «napped off «t the puahbar height of 38 In. and fell 
on • .^ if vehicle 

1»,0      a.»        10.2     Taproot failed 2» In. belo« (round surfece 

15.0      12.i        13.J      Teproot failed 2I4 In. belo« giound eurface 

12.5 10.7       13.7     Taproot failed 2» In. belo« (romd surface 

18.6 15.3       1».8 

17.8 17.3 18.7 Taproot felled 36 In. belo« (round surfsce 

15.0 12.1 13.5 rronl of tracks raised about 6 In.  off the (round 

15.0 12.1 lj.5 « portion of the eeln ste» «es Infected 

15.0 12.1 13.5 Taproot failed 12 In. belo« ground surface 

6.6 6.1 7,9 

15-0 12.1 13.5 Tsproot felled »8 in. belw  ground surface 

17.8 17.3 18.7 Tree railed at puehbar nel(ht end fell on top of vehicle 

18.6 15.3 1».8 Taproot failed 12 In. belo« ground surfare 

15.0 12.1 13.5 -aproot railed 18 In. belo« grounl surface 

15.0 12.1 13.5 

15.0      12.1        13.5     Taproot failed 12 In. belo« ground surfte.    Main stem 
felled about  »0 ft above ground  surface 

17.8      173        18.7 

15.0      12.1 13.5 

17.8      17.3       18.8     Taproot felled » In. helo« uround surfa e 

15-0      12.1        13.5     T,l5r»t/»Hfl •'P m. belo« ground surface.    M»ln .te. 
felled ebout  35 ft above griund surface 

15.0     12.1        13,5     Taproot fulled !.•• lr., belo« grounu surface 

17.8      17.1        18.8     St•■ •nl,PPed off at the pushber height -f  (8 In. and fell 
on top of vehicle 

f? 
(» of 8 sheets) 

J* 



Tvtle U  (Continued) 

I*"                             T.«t                           Tr.»      (Cc^cn 
Vrtlclc    31«  »o.       lo.     T«5t  D.t»      Ho.         s»o» 

ferexicb 
In« 

Helrflt 
ft 

15 

IM« 
H.l«bt 

ft 

35 

Cro*m 
Dl».t.r 

rt 

8Ua 
BlM»ter 

hi in. Afcovt- 
iround,   In. 

7.- 

yom R. iuir.1 
to Fill 

rrve,  ll.ft 

Worn  Required 
to ^.-«rride 
Tree,  lb.ft 

IkxlMIB 
trmetin 
r r t,   1 

Mulau. 
Korlicnt.1 
Pluhtv 
Poire, .b 

■kxlu 
V.rtlci 
Pü«ht.r 
fjrc^ It 

3.900 

f1,   .'.   »r 
Hel«bt 
Abov.. 
«rounl 

SpMa 
•t 

Contact 

1 Tre.l.  U 

IkJilaua 
Longltudlul 
Acce.eri.tlun 

MASA^      1W.      lov    I'Jbk    17;        nae 
15 t . 

9,600 

In. 

s-rt«oo 

 8       »"« 

nlt-d St.te«  (enntin 
«13 

t 11.2 r awu- 

mis 
■UA.B         19      ROT    1^1,      78        riat 

1A3».D       29     am    191*     It       Pi», 

11 

15 

26 

42 

13 

25 

79 

7-9 

23,440 

47.920 •• 
10,050 

19,100 

4,600 

7,300 

20 

ao 
0.0 

0.0 

H 

0.15 

Tenst 

Hast 

Tvnal 
»in MSA.t      1I.9      lev    .9W.    160        Pine <u - .. f.. 25,760 •• ** 13,800 2,OOO 20 0.0 •• 3btu- 

Ten«l 

Sbcu- 
Ttntl 

SbMT 

HI] ■»«-*        50      iov    i96k       kl         Pin. «' 49 M 7-9 t •• M 10,501) 2,500 38 g.o ,, 
1013 «S»-»       k3     »o»    196*     89       Pine ») 52 .') 7.y 1 ~ M 20,300 3,750 >" ».a D.W 

au «AS»-!       96      «0»    19W    1J9       Pin. 10 U .11 T.9 . " •• 16,900 4,600 tc a 6 tt 

T»ulc 

IQ13 «AM-I      101      aov    1964    13p       Mn. B ■.H « T.9 t .. « 19,100 5,400 3« a.i tt 

Ttmlc 

PU13 «SA-A      III.     fc»    1964    L  ,        Pi« It «'5 LB 7.9 t •• •• 13,400 4,000 y- 8.0 1.00 

Tvnaic 

Tcnilt 
Kin ««-I       ^7     »or    1964        2       Pia. I) 42 ao 8.0 33,280 M " 14,300 4,050 ao 0.0 ,. 

Tenaic 
Kill »SA-A       51      »0»    1964      56       Pin. 10 M 23 B.l t ~ •• 10,300 1.450 3« 0.0 • • 9WU- 

Kin »»SA-C       »     »0»    1964      30       Pin, 13 H BO B.l tt »• „ tt tt « ♦t t Jbear 

«U3 « •*-»        4;     lor    1964     91       pine » 54 10 a.2 t • • •« 11,400 3,100 t 0 0 •• 
Tinslo 

Sbeu- 

»CU3 «ASA-!        24      a»    1964      81        Pin. ID 51 23 8.3 54,560 •* M 15,000 5,350 ao 0.0 •• 
Tanslo 

«13 «A5A.A        39     «or    1964     85       Pin. 45 70 U (.3 • • •• •• • • 80 0.0 
.. 

TBIWIO 

Ho Pal Kin IASA-I      153     «or    1964    184        pins v 54 16 8.3 36.MO - M 17,600 1,500 ao 0.0 M Sbnr 

Hin «A3A.A         6     »0¥    1964      60       pine 15 41 M 8.3 t 

Tenslo 

•• • • 8,150 1.400 ',6 0.0 M Sfacar 

Kin «ASA-A       5J     »0.    1964      58       piM 15 H .'3 8.) t M M 10,200 2,150 n 0.0 

Tcnilot 

IU3 na*-*      5    »0»   1964    6a     pin. i.1 U 24 6 k t • • •• 8,400 2,600 '-6 0.0 M 

Tenalo 

Shear 

«13 »ASAJ       138      »0»    1964    169        Pin. so f 13 
*■> 

Tenaloc 

f ♦• M 20,800 3,700 36 10.2 L.M aiear I 
«n 

«13 

«SA-A       40     tor    1964     86       Pine 

lUHAJ      151     »0»    1964    182       Pi« 

«ASA-I      152     1»    1964    183       Pine 

10 

18 

51 

U 

20 

24 

18 

a.6 

8.8 
B.e 

57,680 

46,480 

t 

'■3,920 

33,040 

•• 
M 

•• 
M 

18,000 

16,800 

6,350 

3,200 

ao 
.•0 

S.0 

0.0 

Temloc 

Temlw 

Tenalo« 

«13 HASA-D         34      «0»    1964      24        pine |0 »5 

36 

w 

B 

ao 
■0 

9.0 
9-0 
9.1 
».« 
9-6 

•» •• 17,400 " ao 0.0 •• Ho fall 

Kin 

«n 
■A3A-E      154     lav    1964    185       Pine 

•«SA-I     155     »oy    1964    186       Pine 

)0 M 

• • 
** 

17,000 

12,200 

3,850 

2,000 

10 0.0 

0.0 • • 
Tanalon 

Tension 

«13 

«13 

«ASA^       41     »OT   1964     87       Pin. 

«ASA-A       54     «ov    1964     93       Pin. 

10 

40 

u 
30 

•* 
t 

M (Ml 

•• 
•* 

20 

2u 

0.0 

0.0 

M 

■ * 

Ho fall 

No Fall 
•• H — 2,050 36 0.0 Hi No PalL su »A«.«       U     «or    1964      73       Pine H 50 ■0 9.8 t M H 9,600 ' .100 56 9.0 H Sbeu- ( 

«13 

«13 

«ASA.D       33     »0»   1964     20       Pin. 

«AflA-D        33A    «av    1964      20        pin, 
— 35 10.0 

ICC 

•• 
•• 

H M 

•• M 

•• ,'0 

20 

0.0 

0.0 

4» 

1 • 

Tenilon 

«o P«M 

«0 Pali 
«13 »ASA-B        15     «ov    1964      76       pin. 

63 to U.0 t M H 12,600 3,500 46 0-0 •* Steer ( 
«13 «ASA-B        14     «or    1964      35       pin. 63 W U.I 

Tension 
t 

** M 20,000 tt M 0.0 •* »o P.U 

1-13         361     Iky   1964     18       Otk 

11 
3 

•• 
1.1 

1-3 

15 

l.J 

1-7 

1.0 

2-3 

l.J 

2.7 . 

2.8 

M 
2-9 

3.5 

Hardwood Tr..i Unite.l St»U8 
«13 

Kj7 *AS*-T        »     Am    1964     48       (Äi 
138 
8l 

333 tt 96 H io l.t 0.0 41sstlc 

*V «ASA-r        30     Au«    1964     46       (ML •« 13 
M M W H 26 0.0 " Uwtle 

«13 1-13         366     Iky   1964     23       ou 9 

U 

-3 

IV M N 60 M 26 0.0 •• Ilsstlc 

«7 ■BA-r       31     Ai«    1964     47       (Mi 

346 

686 

tts 2,632 270 17- 2J 1.8 0,01 IU.tle 

K37 I-T           419     Ikjr    1964      55       «.vtdorn 7 3 

N 

•* M ."00 #• 8i 0.0 H lUstle 

K37 »»SA-P       34     A.«    1964     51       ou 15 

15 

1,139 1,542 i«o •• 26 1.8 t* «Ustlc 

K37 ■ASA.'       42     Ai«    1964      59       <M •• n 
M M 340 •• 26 0.0 *• Ilsstlc 

H37 »ASA-P        33     A>«    1964     4»       (tek 
1,500 N »* 724 •« 26 0.0 M Tension 

«13 «-13         355     Ik»    1964     12       onii L9 U 

k 

10 

1C 

2,936 •* H T«0 Mt 26 0.0 ■t Ccwpress 

Kj7 1-7           417     Ikjr    1964      53       «.«.horn 
2,782 5.659 2,990 1,454 3*1 80 1.7 -0 Ofc «Ustlc 

Kin «-13          356     Mj    1964      13       oa ? 
1,930 %.8ti6 2,062 66: M 86 ..IS tt lUstle 

K57 t-7           420     m,    1964      56       H.»thorn 5 17 
2,145 

.,880 

5,3Wi 5,465 1.493 566 20 1.6 -0.07 tlsstlc 

—   th an isurMsnt Bade. 

a.096 2,34« 89- M 26 1.6             -0.04 

(Continual) 

«Isatlo 

t   Total work not racorded 
tt    InstniaanUtlop falltd. 

/I 
-1 

- 



T«tl« 11 (Contimwd) 

IMd Ibiaui 
it Uawltullo«! 
■tact    Acceleration 

*»»« of MU.-« 

.1 0.90 3bMr (aoll) 
Itoifeton (root) 

0.15 

tlutlc (aua) 

Ttnjlon  (lUa) 

Shear (aoll) 
Tenalon (root) 

Sbaar (aoll) 
Tenalor.  (root) 

Swar (aoll) 
Tanalon (root) 

Sbaar (aoll) 
Tanalon (root) 

iaar (aoll) 
T nalon (root) 

Tenalon (root) 

Tenalon (root) 

Shear  (aoll) 
Tenalon (root) 

3>aar (aoll) 
Tenalon (root) 

Sbear (aoll) 
Tanalon (root) 

Sbaar (aoll) 
Tanalon (root) 

Do failure 

(aoll) 
Tanalon (root) 

Shear (toll) 
Tanalon (root) 

■ (aoll) 
Tanalon (root) 

Omr (aoll) 
Tenalon (root) 

_• (aoll) 
Tenalon (root) 

*• Tenalon (itaa) 

•• Tanalon (root) 

** «o rallun 

** Tanalon (root) 

■• Tanalon (root) 

•• «o failure 

*• «o Failure 

*• Co Failure 

.. Shear (aoll) 
IVnalon (root) 

•• to Failure 

•• no Failure 

.. 3iear (aoll) 
Tenalon (root) 

** »o Failure 

UnlteJ Statei 

11 «»erage Co«. T~w. 
U- to k- to    Tu. lo   If. B   R. u 
6.ln. ii.ln.    18.1a. 
'■W Lajrar      U/er 

uses ■  
Sou CU..lfie.t.on       Woliture Content, t 

6->a.    U.U.    I8.ln.    6.i„.    u.u,,    ^.^ Hi-ln.     jo-ln 

Ucr_    UJJJ^   jjjjr    latar      U».r     Ufer    lagar      l^yar 
XaBrta 

-OOk 

-o.<n 

-o.ak 

Ele.tlc (ataa) 

liaetlc (ataa) 

Ele.tlr (ataa) 

lUatlc (ite.) 

Ila.tlr (ataa) 

llaatle (ataa) 

Uaatlc (ataa) 

Tanalon (ataa) 

Cca^reaelon (ataa) 

llaatle (ataa) 

Uaatte (ataa) 

liaatie (ataa) 

Uaetie (ataa) 

tlnuad) 

«5 

m 

16) 

ilB 

Tu. 

JJO 

M 

M 

5?1 T50 

291 350 

253 379 

1T8 253 

.'Hi 

Hi 170 

186 250 

391 1J0 

166 158 

(TO 

M 

IN 
.*i 

KJ 
«It 
UB 

•33 

Ul 

MS 

Ml 

m 
23» 
3)7 

■■99 
kji 

Ul 

na 
UK 

Ul 

316      Mo 

177       218 

507 a. — m. 

m 
190 

55 

.•90 

M 

170 

210 

vo 
M 
(*. 
S) 

H 

60 

•U 
220 

69 

k* 

105 

W 

310 

)?c 

m 
HS 

65 

150 

750 •• 

f5C e. 

5*0 ee 

519 •• 

376 •• 

1.26 aa 

256 .. 

750 ea 

226 a. 

391 ~ 

387 

375 •• 

318 e.              „ 

tn —      — 
378 »a              e. 

1H m         t 

393 -          - 

Ul5 ee            ee 

375 ••          - 

3C-» a 
□. 

m 

M 

V» 
»6 

at 
«u 
ITI 

Uf 

Wj 

W5 

1401 

«73 

«3 
M 
no 

76 

490 

210 

?60 

330 

* 
11 
67 

157 

" n, m.        JL 

" XL CüJt, CL 

- «, CUB, a. 

•* It NL a. 

•• M. m, a 

•* «. CUML CL 

" HL KL CL 

•* HL cum a 

•* CUML CUW, CL 

•• ML 

Ml. 

HI 

«. 

Ml, 

Kl. 

IB 

CUML CL 

ML CL 

CUML CL 

tC CL 

CUML CL 

CUML CL 

CUML CL 

CUML CL 

•• ML 

•* ML 

■• ML 

■• ML 

•• ML 

~ ML 

*• ML 

CUML 

K 

Ml 

K 
HI 

HI, 

CUML     CL 

CUML      CL 

Cl. 

CL 

X 

CL 

CL 

CL 

3C-SW    ML 

ML 

■ 
SM-SC 

SN-SC 

CL 

Cl 

W. 

m. 

CL 

CL 

CL 

CL 

CL 

80 

?90 

m 
«1 

5«. 

ill 

?BC 

tft 

96 

6. 

139 

fl7 

* 

1JC 

370 

Mc 
no 
* 

in 

95 

M 

sp.* SP.» SP.» 

CUML CUML        ee 

CUML cum,       ee 

ar-m SP-SM SP.» 

CUML ri_HI H 

SM sr-ai sr-at 
CUML CI^IL        ee 

CUNL CUML       ee 

CUML CUNL       ee 

SP-SM SP.9I SJ>-3H 

« VT.m sp.« 
SP-SN SP.SM SP-SK 

91 SP-SM 9t 

IT.e     IT.3 

12.1 7.0 

12.6 8.0 

150 12.1 

178 IT. 3 

17.8 17.3 

150 12.1 

15-0 12.1 

17.8 17.3 

13.5 11.4 

17.8 lf.3 

20.2 16.2 

17.8 17.3 

13.2 10.9 

17.8 17.3 

ISO 12.1 

18.0 15.7 

17.8 IT.3 

16.7 U.g 

17.8 17.3 

17.8 17.3 

15-0 12.1 

15.0 

115 

12.1 

12.Il 

15.0      12.1 

15-0     12.1 

IT.« 

1T.8 

6-3 

18.6 

18.6 

T-5 

8.5 

7 i 
17.6 
199 
1-k 

U.J 
i-a 

12.* 
11.0 
l».J 
I  7 
se 
8.7 

3,8 

IT. 3 

17.3 

7.6 

15-3 

15.3 

e.T 

6.9 

8.? 

13.1 

IM 
7.8 

18.8 

L.i. 

14.6 

10.0 

13-6 

1.1 

k.k 

8 1 

k.k 

16.8 

iM 
»•1 

13.5 

H 7 

18.T 

13-5 

13.) 

18.e 

,4.1 

18.7 

17.5 

IB.T 

l».j 

18.7 

13.5 

Ik.t 

18.7 

14.0 

18.7 

18.7 

13.» 

13.5 

15.9 

13.5 

13.5 

18.7 

18 7 

11.1 

U.B 

14.8 

Taproot failed 6 In.  beloa ground eurf.ce 

Undercarriage of vehicle acraped bark and mod tram loaer stai 

UDderearrlafa of vehicle acraped bark end «ood fraa loaar Ma 

Teproot failed 21. In.  balo« (round .urf.ee 

Teproot f.lled  36 In. belov (round aurface 

Taproot failed 21 In. belo« (round nirt.ee 

Teproot f.llad 24 In. baloa (rounj eurf.ee 

Teproot failed 36 In. halo« (round .urtere.    Mein ataa fallad 
ab«Jt 38 ft above (round eurface 

Undercwrl^e of vehicle dra((ad 01 e.poaed root bulb 

Taproot failed 30 In. belo« (round i.-f«e 

Taproot failed 36 In. belo« ground .urt.ee 

Teproot f.lled 54 In. belo» (round .urf.ee 

T.proot f.lled 30 In. belo« (round «urfeee 

Vehicle iKDblllud 

T.proot f.lled jO In. belo» (round .urfaee 

Teproot f.llad '6 In. belo« grmnl .urf.ee 

Taproot failed   36 In.  belo« (round eurf.ce 

nproot f.lled 10 in. bei« (round .urf.ee.    Uirie-arrl«. 
of vahlcle Iraued on eapoaad root bulb 

Vehicle laaobllUed 

T.proot failed 24 In. belo« (round .urt.ee. 

Vehicle laaobtllud 

T.proot f.lled 42 in. belo« (round .urf«ee 

T.proot f.lled 18 In. belo« (round .urf.ee 

Vehicle laaotllliad 

Vehicle laaobllliad 

Vehicle Uaoblllted 

*derearrlMa of «hlcl. .craped bark .in «ood fro, loaer .tea 

Vehicle laaoblllied 

Vehicle laaoblllwd 

li  1 

M 

«9 
13.0 

U.3 

T.« 
U.l 
4.8 

16., 

IS. 9 

14.5 

T.9 

4 8 

T.J 

4 8 

Vehicle UKblllMd 
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Mi 

r«bK  U (Cornlnjed) 

1U  >o ■u. Tt.t D.W 
KM 
fg. 

Ir.  ■ 
TW 

■■*] 

üruicb- 
iw 

HcUkt 
ft 

Tr« 
KH«ht 

ft 

Crown 
UlMitcr 

ft 

3tra 
Pll^ter 

l*- In. Atovr- 
icround.   In. 

to Fftil 
Tr»»,  ll-ft 

Uork D^iuirad 
to 0v«rrl4« 
Tr».,  lb.ft 

Nvlaa 
Trmctln 
foix«, ib 

Mxlaua 
Ho lioot.l 

Puihbw 
F  T   .,  ,t 

m*Umm 
Vertu-., 
Pluhb&r 
rorrt.lb 

Katitar 
Htlgbt 
Above- 
gruunl 

In. 

3p«d 
•t 

Coat«ct 

mumm 
UM^ltudliwl 
Accelcretloo 

« H&i« uf r* 

VA-, * A^ l»M V, DU 7 »J M 1.1 3,72k Mi • • 1,560 Wf 

HkrdwooJ Tr««».  united Stetes ( ContUwdl 

H)7 M 0.0 >• 9WU- (»oll) 
Tension (roo 

«113 B.U *' *./ 19« 1 IM k ii k 3.8 5,7lk 8,872 3,601 k,?kT 639 XI 2.6 ■0.11 Tension  (roo 

HlH «-13 M N« MM « -Mi 7 , 1 U' 3.8 5,126 13,k96 6,031 1,95! 6l3 p 1.5 .0.10 ShCMT   (soll) 
Trt,ia .'t,   (rco 

H-7 MGA-r kl «at UM « *. 7 • • •• J-9 k,e76 • • •• 2,570 • • 6 0.0 • • Tension {aim 

HU3 1-13 !W *, 196» 1* M 6 « IS 39 6,523 6,896 k,k76 3,2« 1,155 -C 1-9 -0.1k Shear («oil) 
Tenition (roo1 

«37 MSA.r u «-.• t9M fl Ort - li - k.O 7,192 - •• 2,775 .. 26 0.0 • • Tension (nt« 

«113 1-13 Kl *.y 19M 2k Oat 6 2k 12 k.l 2,902 k,632 3,765 3,362 kM 20 1.5 -O.LO 3wu- (toll) 
Tension (rooi 

KU3 1-13 »3 M« 19« W DU 7 n 12 k.l J.klk U,306 8,650 k,217 1,172 .0 -.., .2.06 
aieer (soll) 
Tension (roo 

1013 1-13 3» M« 19« l£ i«. 9 15 « k.2 7,121 15,610 k,k26 tt 1,127 M 2.1 .0.20 CoBpresslon 

NJT (-T kai M» 1« 57 Hawthorn k M IJ k.3 1,712 1,865 2,101 «6 •• 26 1.7 tt Itnston (roo 

«113 E-i< <?.■ *> i^.- 29 «r. 9 ao 12 k.k rt k.sei k.363 tt trt •u 2.k -0.19 
Gbear (soll) 
Tension  (roo 

«113 1-13 IT! M.y L9M 26 Oat 7 M 12 k.5 3,792 k,3M 2,833 3,792 k31 20 2.2 -0.19 Shear (soll) 
Ten«Ion  ^roo 

MS) «SA.r 35 A>« UM JO ■«k t. •« •• k.8 8,903 M •• 3,710 •• 26 0.0 ■ ■ Shear (soll) 
Tension (roo 

«U3 E.U> M Hu, 19« 3 0.k i 21 5 k.8 tt 20,329 7,01k ■t 2,913 20 .9 -O.'O Tension (stet 

«113 1-13 IM «., 19« 21 0« 6 1H 10 k.9 k,693 7,559 k,778 k,355 iao 90 1.7 M.lk aiear (soll) 
Tension (roo 

«113 t-u |M *> 1JU kl >>«< i. 10 12 k.9 tt tt tt tt tt X) tt tt Tenelon (st« 

«113 1-13 Vib *J 19« k5 0«« fc IH U k.9 5,287 lk,30k k,ok8 3,k25 1,513 32 2.0 JO.lk 9ienr (*'ii) 
Tension (rooi 

HU »kSA.r ko AM I9M n IM. 7 27 •• J.O 7,93k •• *• 2,900 - 26 0.0 • • 3iear (soll) 
Tension (roo 

M3V 1-12 |M iMr 19« a «. i 21 J J.q 9,2ko lk,735 6,062 3.960 1,379 20 .5 .0.06 Tension  (roo 

«113 1 u »UV 19« "»9 Ort - ko • • 5.- t " « 3,kO0 7(C 5<J 0.0 • , Tr   ;,1   n   (L te 

«113 1-13 n< *.y IM 33 Ort ( M 6 i > k,80k 5,^6 k,6l5 3,665 613 n 1.9 .0.06 
Shear (soll) 
Tension (rooi 

«113 1.13 M */ 19« U j« 7 W 6 J.J 7,76, 10,506 5,k96 2,623 623 32 1. -f.07 
Shear (soll) 
Tension (root 

IQT usA-r ■ AW 19« 56 a.» 7 26 " 5.2 6,161 - - J,700 •• 16 0.0 ■ • ^lear (soll) 
Tension (roo 

m MVL.T *3 A« 19« ^ Ort M 20 • • 53 13,173 • • •• k,200 M , 0.0 • • aiev (soll) 
Tension (rooi 

n-:i »•13 3TT *> 19« |k uu J 27 i '.'■! lk,2«6 18,879 k,k8» 5,526 1,558 0 .:.. -0.18 Shear (soll) 
Tension (rod 

«113 1-13 jm *y .»4 3« Ort B 20 12 5.3 21,831 23,055 6,306 8,0lk 3,186 .i) 10.) Jl.kl 
Shear   (soll) 
Ten; 1  n  (roo 

XI H 1-13 IM *) t«M »3 Ort •• 27 12 5-6 13,9« Ik.klO 5,106 3,508 1,29» 12 1.7 -0.60 
Shear („oll) 
>nalon  (roo 

«U3 1-13 *. Mf 19« ■y Ort •> .i. 12 -1 10,801. 11,17k 9,167 '•,990 ^,058 <J 1.2 -0.20 3iear (toU) 
Tension  (rooi 

«113 1-13 fT» M| 19« M v.« 7 .v 1." 6.1 n,636 i2,809 6,226 10,59k 3,599 20 10.k .2.28 Jhear (soll) 
Tenrlon  (roo 

BU 1-13 *■■ *y 19« 19 ».. 7 » 1" 6.: tt tt tt tt tt 90 tt tt 
3iear (soll) 
Tension (roo 

«U3 1-12 IM •*.;. 19« k •,> k] k 15 6.3 17,512 58,010 11,066 - M96 .0 3.< -O.W Tension  (roo 

«113 1-13 m »/ 19« V •u 11 "0 12 6.3 8,100 8,k01 5.961 7,k36 1,139 .JO tt 
3)ear (soll) 
Tension (rooi 

■013 1-13 W *j UM k9 M li --; 18 6.3 7,178 7,907 7,221 k,526 IM V 13 .0.18 
Shear (soll) 
Tt'i.älon (rooi 

«113 1-13 IM *, 19« 31 Ort t 39 12 6.5 »,»9 k,,093 12.025 - 1,952 90 
■ 

tt 
Stear (soll) 
Tenrlcn  (rooi 

M1H •.13 00 M* 19« IT -. 3 23 12 6.! ^,393 30,67» 7.725 13,728 2,9^ .-0 n.J. .1.91 
;liear (soll) 
Tension (rod 

■013 t-.. 3M *> ..-. • -.« 6 27 1. 6.6 19,752 2 3,573 7,215 e.kOT 1,91* 20 2.1 .C. 30 
).. .r (soll) 

Tension  (roo 

«U3 ■ASk-B T M. . 19« 52 ~< 16 . .- f.. 7 t " " 7,900 1,700 ' CO .. Tensloi (st« 

«113 uat-A l >1    V 19« 53 rt t (6 1« 6.« t •• • • '   5,750 1,200 " 1.0 - Jhw (soll) 
Tension (roo 

«113 I-; (if *> 19« 5 Ort 6 /T !"■ 6.9 10,983 13,219 6,535 '„29» 2,805 90 1.* -c. w :aiear (soll) 
Tension  (roo 

«U3 •-13 *■ >*•, 19« .<: -.« 1 22 ;-' 7. ■ 10,560 »• 8,871 lO.kOC 1,915 0 .0 -o-ii 
5%ear ( .11) 
Tension  trna 

*•     i    ■ra9i-"«aent ■ade. 
t    Tot«!  work not  re.orded. 

tt     Instnaentatlon failed 
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TaM« U (Contliiutd) 

%Md Nutaa 

Cootac 
Lmdtwtlimi 
AccaUrtttlon 

U3CS 

MM« at Mlur« 
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tt 
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tt 
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(•oil) 
Ttulon (root) 
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a»>.i- («oii) 
Tertian (root) 

Ikmlon (itn) 

a>e«r  (toll) 
Ttnalon (root) 
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(•oil) 
Tenalon  (root) 

a»»r  (•oil) 
Teoslon  (root) 

CoBpMMion (ataa) 

Tension (root) 

Stwar  (•oil) 
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at»«- (MII) 

Tenilon  (root) 

a>e«r («11) 
Tension (root) 

Teuton  (tUa) 

a»«r (ion) 
Tension (root) 
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ahe«r (»oil) 
Tension (root) 

»««r (tali) 
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aw«r (»oil) 
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Soe«r (soil) 
l^nslon  (root) 

3be»r (soil) 
Tension (root) 

aie«r (sou) 
Tension (root) 

Jle»r  (soil) 
Tension (root) 

Sfcear  (soil) 
Tension (root) 

a»      (soil) 
Tension (root) 

Aesr  (soil) 
Tension (root) 

3le«r  (toll) 
Tension (root) 
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Tension (root) 

Tension (root) 

iä>e«r (soll) 
Tension (root) 

Sheer (soil) 
Tension  (root) 

a>e«r (soli) 
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Slieer (soil) 
Tension  (root) 

.lieer (soil) 
Tension (root) 

Tension (stea) 

3>ear (soil) 
Tension (root) 
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Tension (root) 
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». 
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■ 
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TmbU  U (Coii>l-u«l) 

MM lo. »o. P.t.e 

1*1. 

Tr- ■ 

47 

TT- 

' — in 

i.r«iich- 

HrUht 
ft 

Tr»e 

Hrlftit 

n 

'5 

Crown 

r>l«»et»r 

ft 

Dlawtrr 
■*    i«. Atov»- 

^round j   Ir.. 

7-3 

Uork ^^ulrfd 

to F«ll 

Tr»e,   11-ft 

16,159 

Tr»r,  11.ft 

Tractlr* 

Tor-., lb 

9,»9i 

tkilauB 

Noruoatal 

Hishb«r 

■hams 

»•rtlc; 

Puahtar 
F re«,.1 

1.615 

Haunt 
Afcova- 

«TOWJ-I 

In. 

>kf t» €t 

Spaad          Ihitaia 

at           Lof«itudlaal 

Contact    Accalaratlo- 

Tra.1. IMlf. Stat«. 

Hoda < 

1-13 ... ' 84,231 8,407 

.Cnfitinurt 

HI!' <- 1.8 ^.40 
Stear  ( 

TVnalon 

«13 l-. M *.■ W6k T kt 5 .7 a r.s 82.910 88,268 11,446 U,9T7 8,195 10 '.3 -0.89 
aiaar ( 

Tana Ion 

«113 t-.l »e «.,- .. I) »a ' 24 go 7.6 55,4«7 81,198 l4,55ü 1. ,079 8,566 K 1.5 .0.84 
Jiaar   ( 

Tanalon 

»u. tu n« «-.- l*6k 15 ■.. 7 « ij 7.« 48,2V) 50,888 8,090 21,872 6,518 JO ll.k -2.20 l^naloc 

tu- t-i' !/• */ 196k ■ •> • '1 M 7." 17,119 62,725 11.546 7,695 1,380 V 1.1 M.ii Jhrar ( 

Tanalon 

«u «-18 m */ 196k B .j i 24 n 6.. 17,090 19,768 9.910 7,300 2,006 V O.J M.X 
Tanalon 

Ulli 1-13 -.I *>> 19« . *M t, B 24 ».3 28,125 48,866 9.75« 8,320 1,818 <. 1-9 -I.08 
a>aar ( 

Tanalon 

nu MS«-« 3 »..v 1964 -,<. («« 19 w. ) B.J t *• •• 8,900 2.550 v 0 0 •• Sbaar  ( 

Tanalon 

«113 feU 00 *, 1964 a on 9 .* 12 -.- 21,029 22,8)1 u,jr 10,971 2,899 -0 1.4 -O.39 
Steu-  ( 

Tanalon 

«113 t-.t A *^ 1964 42 .< 7 -7 - 8.6 36.679 '05,5r 11,528 12,515 2.552 J2 .   1 .2.54 
*aar  ( 

Tanalon 

nu l-l' v. */ 1964 .< •i 7 .'5 1H 1.0 45,656 65,514 11,490 23,846 5,805 ,« 8.9 -2.00 Tanalon 

«u. hi] .< »w 1964 n Ori 6 -• It >. 1 35.4". 50,982 11,484 13.159 2,477 20 23 .0.54 
a»aar ( 
Tanalon 

«113 t-.. t, »V .t. ■» 6 n tk 9.4 48,539 82,948 15,072 14,080 8,800 x 1.7 J).47 
Shear ( 

Tanalon 

«U3 t-i. ■k *J ..- >i >» i) V 24 10.2 tf rt tt tt tt 82 tt tt 
»aar  ( 

Tanalon 

MU l-l. c. "> »A u -JU J rt 14 10.8 35,119 45,755 16,866 I5,oeo 2.396 .V 1.3 ^3.60 

«m f..\< no m ..A .'7 ■» ., 13 1" 11.4 55,903 88,452 16,438 20.617 .\884 1> -O.7O 
Jhc»r ( 

«U3 1.12 m •*« .»- 10 M ) 33 n 11.8 M tt 17,018 tt tt V tt tt 

nu t-U »3 */ «- 10 -> t 13 N u.e 84,066 107,86^ 13,303 85.400 4,944 X s.o .0.29 
Shnr  (■ 
Tfn»lon 

«iij 1-13 m ¥   ■ 1964 ■-. •> 4 ' If 12-9 ft tt 16,885 tt 16,652 » .■,0 tt 

«13 t-.. » 964 5. -« 4 10 1H l  .9 M 103,364 17,112 tt tt K > -2309 
3v*r   (t 

7»n«lon 

;:  -dwo-J Tr«i.  rnaiUnd 

nu SV-S-l 53 -,' -<•■ >' Mtr« 7 9 4 1.8 ..1 tt tt ;%. »3 M 1.7 0.0 EUttlc 

tan 5V-S-1 i mt IK! i Hunt • ' 2 2.0 '. tt M il! n 32 8.; tt Tension 

mu i»-».l 9 >l' m i Hlern J l.' * i.a 110 tt M 1.0 .. 32 17 tt CoBpre»! 

mu 5K.S-1 T •*« 1965 J ■ 1*1. 10 12 5 2.2 Ml tt ti ..- ■ > 32 0 03 SU*tle 

in- 5T-S-1 1 -i' 1965 2 Mng > 15 . 23 tt tt tt IK (9 y 1.6 tt Tension 

«113 ?Y-»-l n -(' .« .( RUt* 12 v 5 2-3 W M 1,603 . r t. B 2-1 tt Corral 

«13 5y-»-i « •^» IM < mmt 10 ii 4 2.7 1,670 1,869 2,8» 71- ..t V 1.9 O.OE 

>ui. 5Y-S-1 H -I' --■ H •l.H 7 .'- 6 2.7 2,T50 tt tt n <10 ,x- 2.0 tt EUitle 

m» 5»J.l j 
'[' -' 1 ".-.« ii 17 i .--) 1,239 6.195 5,053 --16 KO V 1.6 tt Tenr lor. 

nu 5»-S-l ' •;• 1965 u HICK« t go • 8.9 1,458 M tt 999 n H 2.1 tt 
TcnsloD 

«13 iv.s-. f -[• •• 1 mint - /i ' 31 1,797 it tt ■'. • 1.« tt 
Teri'l ■n 

«113 5V.S-1 It ;-i- ;*.5 27 »Itot 7 « •> 3.3 2,713 tt 8,85« 1,305 kit » 1.1 0.08 
3*v  (■ 
Tanslon 

«13 5»-»-l iC -t-i -•■ .« Ulan« 7 .- 12 8.5 2,»80 tt 8,306 1,170 418 1 1 6 A 
Anr  (1 

Ttnslon 

ttU if-S-1 }1 -ft . «,- n Hl-r« i* 15 4 i.9 8,295 7,779 ^.7«5 1,147 Itf 1 2 
Sbcu-  (l 

Tension 

«u. 5»-3.l P topt ■ ' •-7 Kltrn 10 K 6 •  1 8,078 9,952 2.858 1,260 38] 20 2.1 a. 1 -7 
.**%r  (t 

Trnslon 

«ii. 5V-S-1 ! .*■ g HI»« i ■5 ' 4.0 2,77^ 5,634 2.391 942 •■ V ..0 o.oe 
T»n«'on 

«n- 5f-»-l 16 S.J.t  1965 li Hl-r« 5 . i " - 3,400 7,354 3.955 1,405 tt J 2.1 . 10 
awu-   (l 

Tension 

«13 5»-S-. -7 S.pt  1965 1 Hlcn« 7 21 iL • 8.763 5.350 8,808 1,845 1.510 i- 2.' 0.12 
TrnilOQ 

«13 vr-s-i W an* - 34 3U<« 7 . 1 » <•  0 5,472 tt tt 1,613 in • 2.1 »■ 
Jhaar  (< 

Tanalon 

«il- 5¥-s-i -->, an* .* 55 Hl«n« 7 21 7 43 «,940 5,500 .,664 ^,262 7.7 N • O.IJ 
*aar  (1 

Tantloa 

(Cootlnu».!) 

t    Total work not recortol- 
tt    iMtruwntatlon  failed. 

^ 

•     - 

- 
• i 



■ 

TUK   It (ConUtilMd) 

•t Unfltiidlnal 
Cait«ct    Ace«ier»tlüft 

-      ** | "»I« of Mlar« 

l« Tr«««. thlt«^ SUtei ICaUnart) 

&.ll Clmiflotlor 

*« i«. ÄL1^: SS: ^ ÄL ÄL S^g 
1.8 

i.j 

I.J 

u.t 

1.1 

j.( 

1-9 

0.0 

l.t 

t.l 

1.1 

11 

ff 

}.0 

1.0 

■i ■ 

-J.k0 

-0.J9 

-0-3» 

•2.20 

-0.2] 

•i.oe 

■• 

-0.» 

-25» 

rf.54 

-O.kT 

ff 

-0.60 

-0.T0 

fl 

-0.^9 

ff 

«309 

a>nr (•oll) 
ftulon (root) 

' («otl) 
IViuloci  (root) 

' (»oll) 
ÄMlon (root) 

Itiuloo (•Ua) 

ÜMr (»11) 
1%iulon (root) 

(.oll) 
T^ntlon (root) 

(•oll) 
TVnilon (root) 

a»«r (»oll) 
TrMlon (root) 

■ (wll) 
Tt.Hcm (root) 

&»v (»oll) 
Tanalon  (root) 

Ten^lr-i  (at««) 

»t«r («oll) 
T»n»l,.r.  (root) 

»••r (»oll) 
TtiMlon (root) 

a»«1 (ioll) 
TVnsloo (-00t) 

»•■r (1011) 
TtMlon  (root) 

»••r (ioll) 
»tiwloo (root) 

■   (•Olli 
T»nUon (root) 

■  («oll) 
T»Mloo (root) 

6t 

X 

W 

59 

•T 

., 

1»: 

w 

ei 

-* 

59 

61 

fc. 
6t 

6t 

ti 

«3 

U 

»3 

<■-. 

-1 

n 

If., 

6t 

r. 

6T 

B] 

-1 

B3 

86 

-. 
»3 

IOT 

.07 

N 

-> 

f< 

7. 

i7 

T> 

-i 

:7H 

67 

n 
'■' 

n 

«■ 

■4 

n 
-, 

89 

U! 

155 

101 

8, 

n 
r 

I 

»1 

96 

91 

SJ 

111 

»3 

101 

IOC 

Uü 

■V 

.7 

115 sr-ai   sr-jH    sf.« 

100 sr-a  sf.«    sr^i 

95 sp-ai   3»-«    sr-ai 

89 sf.m  sr-»    ».3( 

106 ST.»    3P-9) »-* 

107 3P-a    Sl>^( ».3, 

* 3?.«    SP.« SPO! 

** •«       cuiB. a 

10t a>.3«  s;1-« sr-« 

112 sF-sM  cr-ai sr-* 

105 sr.»  sr-» sr.» 

103 sr-»  sr.» sr.» 

lot sr.»  sr.» sr.» 

12«) sr.»  cr.on sr-» 

95 sr.»  sp.» sr.» 

• 1 6.5 

«a 5.8 

8.5 e.o 

8.6 7.7 

8.1 6.5 

I.J 8.; 

8.1 6.5 

12.C 16.C 

6.8 5.6 

J.i 

6.8 

8.5 

■   - 

»6      7.1 

e.i    6.5 

9.1    7.6 

( . 

7.- 

7.-. 

I    . 

• ■ 

' . 

iO.C 

'.. 

5.. 

• • 
T.» 

7.1 

(   . 

Tr« f.llM ., („h,., ^itat Mf.nn^ „, rrt,.u 

^Sii^ u ,',°- tr-,"" ""•" -* •*" "~rt "><^ 

00 riMtic (^t«) 
t.l 
IT 
l.t 

L.( 

t.l 

1.9 
2.0 

1.6 

I.» 

11 

ft 

0.03 

tf 

ff 

ff 

ff 

ft 

0.03 

0.0t 

0 * 

D iC 

0 M 

m 

0.13 

T^Mlon  (itn) 

0i^ir»Mion dt«) 

llMttc (»t«) 

T»iMlon  (tim) 

C(*Cir««ion (•tea) 

• • 
UuUa (at«) 

ftiulon 1.1«) 

»••r (TOll) 
TtMloo (root) 

.»••r («m) 
Ttnilon (root) 

Sh«.- (.oll) 
TVo^lon (root) 

»«J- (»oll) 
Tauion (root) 

*•«■ (»11) 
T*nalon (root) 

»•«r (»11) 
IVrilon (root) 

ai«r (»ll) 
Panaion (root) 

»••r (»oll) 
Tanalon (root) 

Sht«r  (aoll) 
T*naloti (root) 

1T5 199 

i6T 2)0 

;85 2*9 

201 200 
IM 23« 

1)6 196 

.75 

2t6 

19T 
4. 

m 

*•«■ (aoll) 
T*n«lon  (root) 

:**•(■  (aoll) 
I*rialon (root) 

l^ 

191 

166 

1H7 

163 

IM 

■ H., 

It2 

LM 

•* 

1T9 

lit 

1« 

2t8 

19* 

? 

j 

196 

268 

201 

ija 

2t8 

17' 

163 

11 

SU 

152 

135 

19t 

208 

18? 

191 

2T5 

216 

IT2 

22} 

Oi 

170 

1*3 

283 

109 sr-»  sr-a sr.» 

100 sr.»   ir.» sroi 

10c sr.»   sr.» sr^* 

185 sr.»   jr.» ^^ 

1B5 sr-»  sr.» 3,^3, 

96 

f ,- 

6.J 

5.1 

5 1 

71 

J " 

5.8 

5.8 

5.e 

Vahlcl» l«06luiei 

5.^ rttlc.e 

52      Vahlcl'  in 

• lllIM 

ll.l.r: 

11* 

»1 

KC 

327 

169 

.-ot 

. * 
M 

M 

» 

n 

K 

»I 

* 

M 

M 

CUHl 

cuw. 
cu«. 

CUW. 

CUML 

CUML 

cum. 

CL-ML •• 

rtjo,       •• 

CUM.        « 

CL-XL H 

CUML M 

CU«. „ 

CU«, M 

CU« M 

cu«. „ 

£ *«. •« 

If.i- 17.< 

•• •• 
15-8 15. ' 

15.8 15.9 

•• •* 
16.9 16.4 

it. 

It.T 

!<■.  appavN  •     ba  infactal .t  1 K ,- 

16.7      15.5 

16.7     15.5 

17.1      17.» 

.5.- 17.I 

16.0 lt.7 

it.t it.: 

l(-.7 15.5 

if.o le.t 

17.1 17.. 

159 17.■ 

It.T IT.. 

i5.9     Tr»« appvarai to ba Infa-tai 

.     • 
U    . 

15. ■ 

.. 

15.t 

15.9      Ltlr.  cro«, ^.  ,„„  owrlM.«   l« t.   .h..rt    lapartur.   i.» 

.• . 

17.7 

15.9 

(Cortlnuad^ 
• 

P 
• 



TikU U (CbKlatol) 

»Mt 
NUcla u« » 

T..t 
T»it :«t- 

Trtt 
to. 

Trtt 
Typt 

■r._<*- 
im 

««übt 
ft 

TVtt 
HcUot 

ft 

■ ■ 
DUatUr 

ft 

-• 
DUatttr 

W In, Abovt- 
■round«   Ir. 

Mor» «xgulrtd 
U> Ptil 

TrM.  U-ft 

Ibrk «tqulrtd 
to Ovtrrldt 
TTM,  It.ft 

Ik« lav 
Trtctln 
Fare, ib 

mumm 
■orltonUl 

Pushbtr 
Pocct,lb 

Ihtlu 
»trtlcl 
Puth.-.fcr 
yore«,ib 

vubt 
«bo»e- 
CrouAd 

•t 
CooUct 

mumm 
lomltodloal 
Äcctltrttloo 

■ Tl 
i»-».l 22 »pt 1965 m ■Ung 12 2k 6 k.5 2,»J0 k,671 3,768 2,163 t« 

ltard«o.>< Trtta, Thalluid (Ccntinutd!           1 

■1« Ü 2.2 0.09 
TtDtlOO 

N113 5T.S.1 60 S.»t 1965 58 Bltot 9 21 8 k.5 ft tt tt tt tt 20 It tt a»« (• 
Tension 

«US 5»-s-l U S^t 1965 U ■um 9 2k 12 k.6 k.Slk 7,886 k,666 2.657 722 32 o.u »~r (1 
Ttiuloa 

»13 ■v.... 9 Sn>t .965 10 ■ ltD( 7 33 10 k.T 8,533 kl,5uk 2,kl7 2,893 772 52 0.12 atf (• 
Ten«loo 

«Ui 5Y-8.1 19 fcpt .iÄS 32 Bltot 5 15 12 k.8 3,k52 22,k69 3,8.« 1,678 k93 32 0.15 
3wv  (l 
Tenaioo 

«113 5T.S.1 ko S^pt 1965 kj ■ ltg( 15 30 10 k.8 3.50k k,2T0 3,098 k.S7) 1,011 20 o.u Cd*«* 

1013 5T-S-1 55 s.pt 1965 53 Hl.n« 9 25 12 k.8 k,230 5,79« 3,535 2.821 1,980 20 0.2k 
Tcfuloa 

•O« 5»^-1 a> 3»»t 1965 il BUm 8 27 8 k.9 7,263 ft 3,021 »9» H 32 2.1 0.06 

mn 5»^.: 61 3«rt 1965 59 Blei« 10 2k 7 k.9 8,700 8,090 k,38« 2.k72 6k6 20 2.1 0.10 
Tvnitoa 

1013 5».a-i 21 Stpt 1965 23 ■Itr« 10 27 U 5.0 6,029 7,2kk 5,855 2.7kk 720 32 2.0 0.10 Ten»loo 

I013 5V.8.» 35 S.pt 1965 36 Hltn« 10 25 10 5.0 9,179 17,86k k,l35 2.90k 1.165 ■ 1.9 0.10 T«n«ioii 

1013 ».3.1 k? 3ept 1965 •7 HUr« 8 27 6 50 5,k00 11,050 k,560 3,k«0 903 20 2.0 0.18 MMTCI 
T»a«to« 

I013 •>1.S.l 2« 3.pt 1965 26 ■Un« 11 33 Ik 51 7,130 9,100 ft tt 1,239 32 3.0 tt 
Tanaloa 

»13 5T-S-1 5* s»pt 1965 ■ Bltv I 2k 8 51 e,k53 3k,l88 5,k«3 MM 2.567 20 J.O 0.20 
Tetisloa 

»13 W-P-l i3 3.pt 1965 19 Hltnc 7 30 8 56 6,621 2k,555 8,8k6 7,0k0 816 32 1.7 n.16 

»13 5T-S-1 39 Stpt 1965 Ui Bltr« 15 30 8 5.8 11,220 18,15k k,606 k,0Jk 986 20 ..0 0.1k ükmmr (1 
Tens 100 

»13 5V.S.1 5T 3tpt 1965 56 ■MI 10 30 9 
-    O 6,906 13,k25 k,350 »,682 93B ■ 1.1 0.21 

Tetuloa 

»13 5»-B-J yi fl^t 1965 •J. Bier« 12 30 13 6.0 Ik.723 I8,k9k 10,957 6,590 1,060 20 1.« 0.22 :*t«- | 
Tmtialom 

»13 5V.3.1 IT Stpt 1965 21 Bltnc 10 27 5 6.1 5,kk0 7,952 5,153 3,95« 589 V 2.0 0.16 
3t»v (l 
Tvnsloa 

»13 5»-S-l k6 »pt 1965 kl Hlt<« 10 25 5 6.1 6.716 8,96k 2,815 k,030 672 20 1.7 0.0« T»n»loa 

»13 5V-3.1 12 Stpt 1965 13 ■ Itt« 9 33 Ik 6.k lk,k35 20,166 S,l&5 5,120 1,130 J2 1.7 0.1« TcnBlaa 

»13 jy-s-i 15 Stpt 1965 18 Bl.n, 10 33 8 6.k 8,600 9.701 k,<161 k,785 667 32 1.8 0.19 
hw   (1 

TtMla« 

»13 5V-8-1 M atpt 1965 ko ■ ItDp 7 26 5 6.k 9,563 2^,375 6,k20 3,«12 1,350 20 2.0 0.19 Tenslo« 

»13 5»-«.l JT atpt 1965 k5 Bl.nt 7 10 8 6.7 10,175 15,957 6,k23 «,929 1,870 20 19 0.27 mB*m 

«13 5T.8.1 36 S^Pt 1965 k2 ■ Itix 9 30 12 7.2 12,896 17, «k9 7,258 «,512 925 20 1.8 0.31 T«r»to« 

»13 sv^-i 1 Stpt 1965 i> BUT« 8 3k 2k 73 12,686 18,017 9,7k9 9,263 1,01} 32 2.2 0.32 Ttmtc« 

»13 5V-8-1 18 atpt 1965 il Hl.n- f 30 10 7.k 15,018 51,185 6,0k5 5,k97 2,ako 32 25 0.2k 

»13 ■-V.   .1 39 Stpt 1965 k6 ■ Itn« 9 V 8 7.k lk,kl3 3k,197 7,16k 10,533 l.8k} 20 2-3 o.k7 

»13 5V.S.1 W Stpt 1965 kA Blti« k 25 Ik 7-5 Ik,932 If,513 7,959 7,121 l,k8l 20 1.8 0.31 5 
»13 5V.8.1 kl Otpt 1965 38 ■ Iti« 10 25 16 8.0 26,588 93.331 lk,9k2 7,«! 2,096 20 2.1 0.33 

ami   ', 
Ttntlit 

»13 JT^-l Ik Stpt 1965 20 HI-.« ■ k5 2k M 23,650 27,056 7,652 7,555 1,896 32 23 0.2« 

«13 5»-8.l k9 Stpt 1965 k9 ■ ttt« 6 26 15 8.8 ^,10k tt ft 11,6* 1,83« 20 1-9 Mt Sktu-  ( 

»13 5»-S-l k3 Stpt 1965 39 ■um 15 35 16 91 ft tt f tt tt 20 11 tt 
3*mT ( 

»13 5»^.l 52 Stpt 1965 61 HI-.« 12 30 12 91 25,650 55,506 13,509 lk,9k7 3,Jkl 20 2.2 0.73 
Bam ( 
IHatd 

»13 5»-8.1 2k Stpt 1965 15 ■um 10 k5 11 9.6 H t» tt tt tt 32 II 11 C.^rtl 

»13 5V-a-l 33 Stpt  1965 30 ■itm 8 kO Ik 97 26,85k 38,522 12.171 Ik,523 1,296 32 2.2 0.59 \<m 

»13 5V-S.1 50 Stpt 1965 51 Bitm 15 35 20 10.0 50,582 101,238 21,6kk 17.2k8 k,150 20 1.7 0.62 mmm { 

»13 5V-3-1 51 Stpt 1965 SO ■um 20 k5 10 10.7 ka.329 101,79« 18,366 21,961 k.k« 20 3.k 0.99 
:Ji..r  ( 
>n>lm 

»13 5».S.l Jk Stpt 1965 29 Bitm 11 k5 15 130 k6,6k0 150,5kk 16,539 17,k«6 k,296 20 15 0.72 
■Hi ( 
Tsn.lo« 

—   te m •aurwMnt ■Hit. 
M    Inatr uatntatior fall«! 

A 



TatiU U (Coorlixtod) 

•t 
Coatmel 

m 
Ir«i. 1 

mtlmm 
LoxituUoal 
*cc«Ur%tloa 

f                     Mod. of Mlur. 

«ran«! Cos« Indn 
(»a 

Soil Cluiiricatl 90        lt.litur» Cair^nt. t 
L,7   7,7    "- 'o   lB- *«   *- lo   B. lo   t. lo     U. ■   B.to   I. u 
ii-; t  "■ i u- '4-u- }0-u- 6-u- u-u- i«-l-•, 6->"- ^-i« .   iacr    Ucr,   uj^   „.   r      u^r      i^   ^r     ^^   (^   i2c, 

159       213        200         ■}}         186       ai        C'-»t,       -          18.0     IT.2 

lS.ifi. 

lMll«jk3 (ConClnut^l} 
.    '--/«r                                                         hew.. 

2.1 0.09 abtmr (Mil) 
Ttnalon (root) IT.O 

ft 

1.9 

tt 

0.12 

ammi (Mil) 
Tcttilo« (root) 

atrar (Mil) 
TrMion (root) IT8 2U IT6 159 18» 

M 

ai 

<x-ie,     ■ 

CUNL       •• 16.2     16.T 

••       Intlrt cru«m au Mt onrrlMM aw to ibort tepvtur* \am 

16.» 

l.k 0.12 amr (Mil) 
Tanalon (root) 209 2*5 183 •• ~ at CUr^           t« 16.5      IT.l 16.0 

l.T 0.15 
Sbnr (Mil) 
Tenaloo  (root) 160 180 1T2 IkT * CL-JO,        ~ IT.O     IT.8 16.8     ^ '•u '^ «* •l«' •*< •*»«»» *" «« omrlte tt« «tin 

15.3 

159 

1-9 

l.T 

0.12 

0.2« 

Co^roMtoa (it«» 

ai>*r (Mil) 
Ter.Blon  (root) 

159 

1T9 

153 

2« 

1T2 18» 

283 

,„ 
29» 

m 

m 

CLJB,        •• 

CUML        ■ 

11.8     22.} 

Ik.T     IT.3 

2.1 

0.08 

0.10 

■ 
a»«r  (Mil) 
Tnuloa (root) 

1T6 

M 

206 m 111 

•• 
M 
•* 

91 

ai 

CUML        M 16.2     16.» 16.5 

■ 
2.0 0.10 a»«- (Mil) 

Tttnaloo (root) 191 202 166 1T9 195 ai CUML        ■ 18.0     1T.2 IT.O 

19 0.1O amtr (Mil) 
Tnuloo (root) 168 166 m 13T 150 91 CUM.        ■ 15.5     15.T 16.2 

2.0 0.18 amr (Mil) 
TlMloo (root) 133 159 m Mi ■1 m CUKL        •• l».l     13.» 16.1 

2.0 tt a»« (Mil) 
Ttnaloo (root) 166 196 211 816 M m CUML        *• IT.l     IT.» 16.1 

2.0 0.20 amr (Mil) 
TtoalOB (root) 1T2 19k 199 22T 2»3 m CUKL        ~ Ik.T     IT.3 15-9 

l.T 

2.0 

0.16 

J.lk J»«r  (.oil) 
Trnslon (root) 

1T9 

15» 

221 

168 

221 

Ml 

18T 

.V- 

191 

181 * 
CLJC,        ~ 

CUKL        " 

It.6     16.0 

11.8     22.5 

1».9 

15-3 

2.1 

1.6 

0.21 

0.22 

Omm*   (Mil) 
IVnaion (root) 

3b»«r  (Mil) 
Tvosloo (root) 

IT9 

IT» 

268 

HI 

2T5 

199 

m 29» 

2*3 

■ 
at 

CU«.        ~ 

CUML        •♦ 

Ik-T     17.3 

Ik.T     IT.3 

15.9      Entlr« cr<^ni WM not owrrMdvn due to »hort  Impart ore  Ian» 

15.9 

2.0 0.16 a»«- (MII) 
1%n*lon (root) 13T 1T0 18. IT» 1T3 at CUML        ~ 16.6     16.2 15» 

IT 0.06 9b«mr (Mil) 
TMaloo (root) 199 1T9 IM IT» M 31 CUML       ~ 16.0     IT.l 18.T 

IT 0.16 attar (Mil) 
Ttnilon (root) 130 193 IT« 159 1»T m Oi-ML         M 16.2     16.T 16.» 

1.8 0.19 abnr (Mil) 
T»iuloa (root) IT6 16T 13k lk6 183 m CUML        " 15.»      ik.6 1».2 

2.0 0.19 (knr (Mil) 
Itinlon (root) 

1U 136 155 203 1T5 m CUML        •• 16.0     IT.l 18.T 

1.9 

1.8 

0.2T 

0.31 

Tvnalon  (root) 

a>»«r (.oil) 
Tonalofi (root) 

15» 

159 

171 

161 

19? 

Ikl 128 

186 

135 

m 

m 

CUML        ■ 

CUML        •♦ 

15.6     16.3 

11.8      22 5 

1T.9 

15.3 

S.2 0.32 amr (Mil) 
TtMlon (root) 152 192 211 n Ml m CUML        •• •«          — H 

25 0.86 a>t«r (Mil) 
Ttnalon (root) Ik* 15T 13T 1»3 193 CM CUML        •• 16.»      16.» IT.9 

23 0.*T a»v (Mil) 
Tmalon (root) 185 lk3 159 in 185 91 CUML        " 15.6      18.3 1T.9 

1.8 

2.1 

0.31 

0.33 

M 

amr (Mil) 
TWMlon (root) 

its 

121 

139 

120 

M 

131 

2k8 

153 

235 

1T9 

91 

91 

CUML       •♦ 

CUML        M 

IT.l     IT.» 

16.0     IT.l 

'6.1 

18.T 

23 

19 

0.26 

0.k8 
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Table » 

r. mr&ry of Elstances Required to Fall   Trees 

rref Ste« Dlaaeter Distance Tree :;ten Diameter .ilstan-e 
Test I.".. (Coaadr                           in. 

<»-in.  Pushbir Heigh.t 

ft Test Nc. (Connon Hac 

26-lr.. 

In. ft 

PUihl\r Height 

9k Hleng 13.0 6.70 1 Pine 1.8 3.70 
35 Hleng 5.0 3-90 5 Pine U.l U.20 
36 Hleng 7.2 Mo 6 Pine 2.7 6.10 
37 Hleng 6.7 7.75 7 Pine k.o U.00 
38 Hle.^ 7.U U.10 8 Pine >i 5.U0 
3ü Hleng 5-8 5.50 9 Pine 3.50 

UO Hleng l».8 2.10 11 Pine 
■d 

5.20 
Ul Hleng 8.0 U.30 12 Pine 5.l«0 
U2 Hleng 6.U U.70 13 Pine u 5.50 
U6 Hleng 6.1 2.20 1U Pine 6.20 
1.7 Hieng 5.0 3.30 16 Pine 3.5 5.80 
It Kleng 7.5 8.10 17 Pine 3.6 5.80 

U9 Hieng 8.8 U.10 19 Pine 2-3 U.80 
50 Kleng 10.0 5-50 20 Pine 2.7 y.io 
51 Hleng 10.7 6.50 21 Pine .0 6.90 
5? Hleng 0.1 U.80 22 Plnt .2 6.20 
5U Hleng 5.1 6.70 23 Plne •3 U.90 
55 Hleng M 3.50 26 Pine .2 6.50 

56 Hleng M 3.20 27 Pine Li 5.U0 
57 Hieng 5.8 2.80 30 Oak 6.90 
56 BMC 6.0 5.U0 31 Oak 1.7 6.60 
59 Hieng 3-9 2.60 Sh Oak 2.3 5.1*0 
61 Hieng U.9 3.?5 38 Oak 3.7 6.60 
62 Hleng 2.7 6.80 39 Oak 5.2 ■> 30 

16 Pine 6.1 6.00 Uo Oak 5.0 7.30 
17 Pine 5.1 5.30 ha Oak 3.9 ...10 
10 Pine 50 5.U0 U2 Oak 2.5 k.10 
19 Pine 7.9 5.60 ka Ml li 7.70 
SO Pine 6.1» 5.50 M Oak 5.10 
21 Pine U.3 8.00 

22 Pine 5.1 6.U0 
Average distance 5.71 

2; 
2k 

Pine 
Pine 

7.1 
8.3 

7.70 
8.60 32-ln. Pushhar Height 

2fc 
Pine 
Pine 
Pine 

U.3 

8.0 

7.10 
U.30 
7.00 

1 
2 
4 

Hieng 
Hie 1« 
Hleng 

2.0 
2.3 
2.9 

ll.ltO 
U.25 
6.15 

2« Pine 7.0 6.00 b Hieng 7.3 '.7^ 
29 Hu 7.9 6.U0 5 Hleng k.o U.60 
30 Pine 7-| 7.6 

6.U 
■1.0 

5.50 6 Hleng 3.1 7.60 
31 
32 
3U 

Pine 
Pine 
PJ.ne 

6.80 
5.20 
9.U0 

7 
8 
9 

Hleng 
Hleng 
Hieng 

2.2 

i 
5.15 
6.00 
6.50 

J? fine 1.4 tM ii tueng B.M 
36 Pine 6.6 9.00 12 Hieng 7.50 
Uo Pine 3,6 9.20 13 Hleng 5.6 7.10 

Jl.7 
lUo 
153 
15"* 

Pine 
Pine 
Pine 
Pine 

7.1 
7.9 
3.3 
9.0 

6.00 
5-70 
6.U0 
7.1»0 

1U 
15 
16 
17 

Hleng 
Hieng 
Hieng 
Hieng 

l.k 
6.U 
l*.o 
6.1 

7.70 
5.30 
8.50 
3.00 

Average distance 5.67 
18 
19 

Hieng 
Hleng li 8.50 

U.00 

20 Hieng k.9 8.70 
21 Hieng 5.0 7.00 
26 Hieng 2.9 l».oo 
27 Hier« U.O 3.80 
28 Hieng 5.1 5.00 
29 Hieng 3.3 5.00 

30 Hier« 2.7 7.60 
31 Hieng ?-9 

U.O 
3.20 

32 Hieng 7.00 
33 Hier- 9.7 

Average distance 

i».5o 

5.93 
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